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1.0 SUM. M RY

This report is one of tIree -,'Ciurles, The Execut'. e Sumrnmar Jescribes :te et're

C.AD-BIT effort and the following Volume Surnmar' is a Jescrption of th:s volume

1.1 EXECLTvE SUMMARY

C.A-D-Brl is a development program to specify the implementation of an automated

procedure to integrate Built-fn-Test (BIT) into the design of Printed Lircuit Boards
(PC-Bs Y or- Computer-Aided Design (CAD)" workstations. When fally developed, the

CAD-F3T software will be capable of operating ;n generic workstations which meet var-
ous ctandards. These standards include those for operating system (UNIX), programming

language (C), and graphical data interchange Initial Graphics Exchange Specification

(IGES).

The purpose of this program was to develop the design of the automated procedure, the

associated BIT data base, and a software specification for the CAD-BIT module ready for
encoding., Nocodirfg of the CAD-BIT Module (CBM) was performed except as necessaryv

to test and verify feasibili. A workst-"*;ns and BIT techniques and their applications

were also surveyed to determine standards required for the CAD-BIT module implemen- -

tation and to establish requirements for and define the struct,,;re of the BIT data base. - -" - -
"

1.1.1 SCOFE

This report describes the development of the CAD-BIT automated procedure, the asso-

ciated Data Rase of BIT Functions, and software specificatien aevelopedduring this con-

tract. The contents of this report are organized into the three volumes described below.

Volume I Technical Issues

Volume I ;s a general CAD-BIT description and provides useful information for any

type of involvement w:im CAD-BIT. It begins with an Executive Summary describing the

work performed under the CAD-BIT contract. It is followed by a derailed description of

the automated procedure. The description contains text. flow diagrams of the procedure

operations and its data, sets of menu sequences showing menu options, seections, and

resulting operations. Algorithms and formulas are included. The CAD-BIT Data Base and

its files are described.

Additional topics in Volume I include Menus, the CAD-BIT Feasibility Demonstration.

BIT and CAD workstation surveys and Standards Recommendations, SMART-BIT Appli-

cations, and a A.,tomated Procedure Evaluation. The Volume also includes an appendix

with a BIT library example for the On-Board ROM BIT Technique.



Vclume [I BIT Library

Volume 1I contains a description of the BIT data base library elemerc ind BIT librar,

elements for the thirteen BIT techniques listed below. The data in Volume II will be used
to encode CAD-BIT's BIT technique data base during the implementation phase. In addi-

tion, it illustrates the required data for adding new BIT techniques. It also provides useful
data to the future circuit designer / CAD-BIT user on the BIT techniques, their implemen-

tation. and the default circuit components.

On-Board ROM

" Microprocessor BIT

* Microdiagnostics

* On-Board Integration of VLSI Chips BIT (OB[VCB)

* Built-In Logic Block Observer (BILBO)

" Error Detection and Correction Codes

• Scan

" Digital Wraparound
" Pseudo Random Pattern Generator with Multiple Input Shift Register (PRPGMISR)
" Comparator

" Voltage Summing
" Redundancy

" Analog Wraparound

Volume III CAD-BIT Software Specification

Volume III contains the CAD-BIT Software Requirements Specification- 4SRS) 5which
establishes the requirements for the Computer Software Configuration Item'-SGIJ-identi-
fied as -ComputerAided Design for Built-In-Tesr-CAD-BITS'ystem. It will be used
during the implementation as the basis for encoding the CAD-BIT software modules and
the creation of its data base. L'I.," ' c?-/ - c. $/ '

1.1.2 PURPOSE

The purpose of the CAD-BIT system is to provide an automated procedure to aid the
electronic circuit designer in the selection of BIT techniques, the insertion of the associ-
ated BIT circuitry into the PCB design, and to provide a post design evaluation of the
penalties incurred by the addition of BIT circuitry into the PCB functional design.

-2



1.2 VOLUME III SUML-kRY

This Specification defines the features of the C.AD-BIT automated procedure. In the

subparagraphs which follow, both a brief overview as well as a structured ovenview of the

CAD-BIT procedure is provided. Illustrations of the overviews are also provided in Fig-

ures 1-1 and 1-2.

1.2.1 CAD-BIT PROCEDURE OVERVIEW

A PCB functional design is entered into the Computer Aided Design (CAD) system in

the foiTn of an elecmcal schematic or logic diagram. During this and all CAD-BIF

phases, all host system functions ( CAD and other ) are available to the designer \%ho is

an electrical circuit design engineer and is familiar with the operation and capabilities of

the CAD host system.

During the Selection process the designer generates a User Design Profile which de-

scribes, in terms of attributes, the PCB ( or a partition of that PCB ) being designed. The

design can be partitioned so that CAD-BIT can be applied repeatedly on different por-

tions of the total design. This enables several BIT techniques to be applied to the PCB

design and any technique to be used repeatedly. Each separate group of BIT circuitn

covering a portion of the functional circuitry is considered a separate BIT Group. As part

of the profile, different penalty attribute weights can be applied to each BIT group.

Once the designer is satisfied with the User Design Profile, the suitability portion of the

Selection process is executed. The design profile is compared to the data base of BIT

functions to generate a list of BIT techniques suitable to the design or partition.

The techniques are then ranked through an estimation process. Estimated penalties for

each suitable technique are calculated and an Estimation Penalry Report and Ranking is

provided. This report shows, for each suitable technique, the estimated associated BIT

penalty for each penalty category and for each technique. The overall ranking is computed

using normalized penalty values followed by the application of the designer'. weighting

factors.

From the penalty report the designer chooses either the optimum technique or another

technique of his/her own choice. If desired, the whole Selection process can be repeated

using different parameter values to obtain a different ranking of penalties. The designer

utilizes the functions in the CAD menu to insert the BIT circuit elements for the selected

technique into the functional design schematic. The CAD menu functions aid the designer

to: input data used to calculate the number of each BIT component required: provide a

-3-



check-off cliagram to keep track of those circuit components inserted; provide iutonal

information to aid the interconnection process; generate the CAD component insertion

command; add attributes onto the BIT circuit elements; and provide an estimate ot the

BR penalties for each BIT group. The circuitry inserted for any partition is referred to as

a BIT group.

Ai, evaluation is performed after the insertion of the BIT circuitry. It provides a report

of the actual BIT penalties (power, area, etc.) incurred due to the insertion of the BIT

circuitry. if multiple partitions have been used, each circuit group and its penalties wili be

shown. A summary of the BIT penalties (added power, weight, etc. due to the BIT circuit

elements) is also provided.

CAD-BIT provides an estimation of BIT penalties for each suitable technique This

estimation precedes the BIT selection and aids the technique selection process. The evalu-

ation consists of the actual BIT penaltics after the BIT circuitry h been inserted It.to the

design.

INPUT CAD PCB
FUNCTIONAL

DESIGN

SELECTION

PROCESS

BIT CIRCUIT
INPUT TO

CAD SYSTEM

{ EVALUATION

Figure 1-1
CAD-BIT PROCEDURE OVERVIEW
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1.2.2 CAD-BIT STRLCTLRED OVER'vIEW

The CAD-BIT procedure is divided into two environments, th.- operating system emi-
ronment and the host CAD system environment, Figure 1-2. There are eight Functions in
the operating system environment and five in the host CAD system environment. The
designer moves from one environment to the other as required by the CAD-BIT proce-

dure.

If the designer wishes to obtain a brief description of CAD-BIT, Function 1 (Overview)

is chosen at the operating system level. This will print the descrption on the screen.

Functions 2 and 3 of the operating system environment provide tutorials on the various
BIT techniques in the CAD-BIT data base. Function 2 contains short tutorials for each
technique as well as figures which can be viewed through Function 2 or Function 3 in the
host CAD Q'.stem environment. Function 3 of the operating system environment provides
a more lengthy set of tutorials on the various techniques. There are seven long tutorials
per technique. These include : advantages, disadvantages, bit sequences, bibliographies,
parts data, attributes, and default design. As with the short tutorials, there are also fig-

ures available in the host CAD system environment.

The Selection process, as described in section 3.4.5, occurs as Function 4 in the operat-
ing system environment. Function 5 ( BIT Insertion ) is then invoked once the designer is
satisfied with the BIT technique which has been selected. This operating system function
generates a host CAD system command, accessed using CAD Function 3, to insert a
calculated quantity of BIT circuit elements into the functional design schematic.

Once all the BIT circuit elements have been inserted, a host CAD system data extrac-
tion procedure is performed to obtain information from the functional design schematic.
This procedure is accessed through Function 4 of the host CAD system environment. The

output is fed into Function 6 of the operating system environment. This function gener-
ates the report of actual BIT penalties. If the designer is satisfied with the results, CAD-
BIT can then be exited through Function 5 of the host CAD system and Function S of the

operating system.'

If alterations or additions need to be made to the CAD-BIT data base, utilities to ac-

complish these changes are provided through Function 7 of the operating system environ-
ment. Changes may include the addition of new BIT techniques, alteration of existing BIT
techniques, etc. Section 3.4.8 contains descriptions of such utilities.

-5-



CADBIT
LOGIN

0/S CAD
MENU MENU

FUNCTION I FUNCTION 2 FUNCTION 3 FUNCTIO*\ 4 FUlNCT ION 5

BI IT IMPLEMENT- BIT EXIT CAD
SELECTION TUTORIAL AIN EVALUATION MENU

OS OS OS OS OOSOS
FUN'CT I FU\CT 2 FUNCTS.3 FLU\NCT FUNCT 5 FU NCT. 6 FUNCT FUNCT 1

CAD-BIT SHORT LONG SELECTION BIT BIT UTILITIES EXIT 0 S
OVER' IEW TUTORIAL TUTORIAL INSERTION EVALUATION MENU.

Figure 1-2

CAD-BIT STRUCTURE



2.0 APPLICABLE DOCUMENTS

The foilowing documents of the exact issue shown form a part of this specification to

the extent specified herein. In the event of conflict betv'een the documents referenced

herein and the contents of this specification, the contents of this specification shall be

considered a superceding requirement.

2.1 GOVERNMENT DOCUMENTS

Military Standards

DOD-STD-2167A Defense System

29 February 1988 Software Development

2 2 NON-GOVERNMENT DOCUMENTS

Final Report, Volume I Technical Issues

CAD-BIT Final Report Grumman Aircraft

29 July 1988 Systems Division

Final Report, Volume 1I BIT Library

CAD-BIT Final Report Grumman Aircraft

29 July 1988 Systems Division
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3.0 REQUIREMENTS

The following paragraphs and subparagraphs specify all the programming requirements
to ensure proper development of the CAD-BIT system.

3.1 PROGRAMIING REQUIREMENTS

3.1.1 PROGRAMMING LANGUAGES

Two programming languages are used in the CAD-BIT system, C and UTNLX C-Shell.

The C-Shell programs are used as utilities for the creation or alteration of C programs
used in the CAD-BIT system. The C programs make up half of the CAD-BIT system and

are used in the Selection procedure, the Bit Insertion procedure, and the Evaluation proce-
dure. It is also required that a data extract program is resident on the implemented host

system.

3.1.1.1 C

UNIX has been selected as the operating system for C.AD-BIT because of its high

degree of portability. Since nearly all of UNLX is written in the C language, C is the most
appropriate language for developing CAD-BIT. While it is a general purpose structured
programming language, it was also designed with systems applications in mind and, as

such, provides the user with an enormous amount of power and flexibility. Since exten-
sibility is a key feature of CAD-BIT, the flexibility which C provide' is another reason
why C forms a major part of the CAD-BIT system.

3.1.1.2 C-Shell

The C-Shell is one of UNLX's most important components. A shell is an interface. It
has no special status so it can be revised or replaced with relatively little trouble. As with
the C language, extensibility is of utmost importance, so, for this reason the C-Shell is

used to generate the CAD-BIT operating system (UNLX) menus as well as the utilities for
altering the CAD-BIT data base ( see section 3.4.8 ).

3.1.1.3 CAD System Data Extraction

The data extraction program(s) are used to extract BIT circuit design data for use by

the Evaluation program. These programs are host CAD system dependent and are user
developed. Unique data extraction languages, compilers, and/or subroutines providing
access to the CAD data base are generally provided by the CAD vendor. The use of the

extracted data is described later in section 3.4.7. 1.
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3.1.2 COMPILERASSEMBLER

A C compiler is required for the CAD-BIT system and is generally available on LNIX

based systems. However, no compiler is required for the C-Shells. The CAD host s. s-

tern must also have available any other compilers necessary for system dependent tasks

such as data extraction program(s).

3.1.3 PROGRAMMING STANDARDS

The programming standards for the CAD-BIT system shall be in accordance with Ap-

pendix B of DOD-STD-2167A.

3.2 DESIGN REQUIREMENTS

3.2.1 SIZING AND TIMING REQUIREMENTS

Table 3-1 lists the estimates for sizing and timing requirements allocated to each of the

CAD-BIT operating system functions and subfunctions. In cases where operations include

CAD system commands, timing is dependent upon the CAD system. Memory locations

will be determined by the host operating system, loaders, etc.

3.2.2 DESIGN STANDARDS

The design standards below shall be applied to the CAD-BIT system

- Ease of changes and/or additions ( extensibility ).

- Shared data placed in a common block so that only one change needs to be
made if necessary.

- Uniformity of code.

3.2.3 DESIGN CONSTRAINTS

There are no design constraints imposed upon the CAD-BIT system except for items

which will inhibit the use of generic CAD systems.

3.2.4 FILE NAMES

The file names shown in Table 3-2 are those used to identify the code which generates

CAD-BIT. All file names are shown in italics, lowercase type. The use of "<vuriable>"

denotes a substitution of variable with a specific name. When a ".c" follows a file name,

then that file is C source code. All other files are either data files, executeable code

(CAD-BIT commands), or C-Shell scripts. Any UNIX commands used are represented

in this document in bold, lowercase type.

--



Table 3-1

Sizing & Timing Requirements

(Estimates for O/S Functions only)

Functions & Timing Sizing ( in kilobytes )

Subfunctions (in seconds ) Software Data Files

Main Menu - 32 15

Fl Overview 1/2 - I

F2 Short Tutorials 1/2 - 1

F3 Long Tutorials 1/2 -6

F4 Selection __ - -

Profile 3 2 1

Suitability 1 32 14

Penalty 2 64 2

F5 Insertion 1 32 4

F6 Evaluation 1 32 2

F7 Utilities 3 32* * -

- per technique

= per utility
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Table 3-2
File Names /Functions

File Name(s) 1Functions / Subfunctions

cadbit Se lection/Profi le
<cadsys>/cadbit/<t##>1<fign> Shorv Long Tutorial Figure Files

data/cadbir-eval-data Evaluation
data/deft .ult-parts Bit Insertion, Utilities
data/host -commands Bit Insertion
data/penalty-cases Selection/Penalty
datalppd Evaluation
dataltechnique-list Main Menu,Selection,Bit Insertion
data/template Selectionj Profile, Utilities
datal<pro 7lename>/btpr Evaluation
datal <profilename>1penalty-re port Se lection/ Penalty
data/<profllename>/re~ects Selection/Suitability
data/<prqfilenume>,'suitable Selection, Suitability
duta/<profllename>-<t##> Se lectioni Penalty, Bit Insertion
evalicadbit-evai. Evaluation
help/< variable>-help Selection/Profile
os-men ulcadbit Main Menu
os-menuldisplaymenu Main Menu
-,-rnenu/inserr-bit Bit [nsertion
os-men u/option Main Menu

os-menu/overview Over-view
profilel<profilename>/<profilename>. cut Selection
profile /<prqfilename>I<t##>-urd Selection/Penalty
selection/Icadbit. c Selection/ Profile
selection/gen. c Selection/Profile
selection/Inewbit. c Selection/Profile
selection/loverride .c Selection/Suitability
selection ipenalty. c Selection/Penalty
selection/Isuitable. c Selection/Suitability
selection Isyntax. c Selection/Profile
selec-rion/weighting-factors.c Selection/Penalty

it##>1ci .rcut .tmenu Bit [nsertion, Uti lities-
<t# #>/forinulas. c Selection/Penalty
<t##>/insert/<circuit> Bit Insertion
<t##>/long-nakjopion> Long Tutorials
'zt##>/short-tut Short Tutorials
<##%>teq-file Selection/Suitabil icy.LUtilities
utilities/add-technique Utilities
utilities/fix-penalry Utilities

utilities/gen-circuiit Utilities



3.3 INTERFACE IDENTIFICATION AND RELATIONSHIPS

There are 4 interfaces for the CAD-BIT system. Figure 3-1 is a pictorial representation

of the interface relationships and Table 3-3 is a brief description. A more detailed de-

scription is found below

3.3.1 USER / CAD-BIT OPERATING SYSTEM ENVIRONMENT

The User / Operating System environment consists of user input into the CAD-BIT

operating system. The six areas listed illustrate this interface

- CAD-BIT menu selections.

- Overview and Tutorial ( text ) generation.

- Selection procedure ( profile generation, suitability determination, penalty calcu-
lations ).

- BIT Insertion ( "DO" command generation ).

- BIT Evaluation report.

- Utilities ( add-technique, gen-circuit, fix-penalty ).

3.3.2 USER / CAD ENVIRONMENT

The User / CAD environment interface consists of user input of CAD commands into
the host CAD graphics environment. The three areas listed illustrate this interface

- Insertion of tutorial figures into the host CAD graphics environment.

- Insertion of BIT Technique Insertion Diagrams ( BTIDs ) into the host CAD
graphics environment.

- Insertion of the PCB functional design into the host CAD graphics environment.

3.3.3 CAD-BIT OPERATING SYSTEM / CAD ENVIRONMENT

The CAD-BIT operating system environment / CAD environment consists of any inter-

action between CAD-BIT operating system functions and CAD functions. The two areas
listed illustrate this interface :

- BIT Insertion into PCB via "DO" commands.

- Generation of BIT Technique Penalty Report ( BTPR ) of BIT data extracted
from PCB via host CAD extraction program.

3.3.4 CAD-BIT OPERATING SYSTEM / UNLX OPERATING SYSTEM ENVIRONMENT

The CAD-BIT operating system / UNLX operating system environment consists of any

interaction between CAD-BIT functions and UNIX functions. This interaction occurs

-12 -



when CAD-BIT uses a LNLX command in its function(s). One occurrence is in the u e of

LNLX's "more" command on the CAD-BIT Overview, Short Tutorials, and Long Tutor,-

als. This UNLX command displays the contents of a specified data file a screenful at a

time in the window from which the command was issueJ.

UNIX
/S
S"more

Menu Choice 
1

Overview &BTIneioTutrils-1 
BIT Insertion ,

( "DO" commands

USER Proffle CAD-BIT I BIT Evaluation
(Outside World) Generation O/S Data CAD

Suitability Extraction GRAPHICSi
Determinatio

Penalty
Calculations

BIT Insertion

.DO" comma-
Generation J

BIT Evaluation

~Utilities

Tutorial Figures

BTIDs

PCB Functional Desien

Figure 3-1

CAD-BIT INTERFACE DIAGRAM
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Table 3-3
CAD-BIT Interface Relationships

Interface Condition Present Input Output

User ! CAD-BIT Menu choice User inputs menu Appropriate procedure

choice. accessed.
User inputs Tutorial is displayed

Tutorials ( text tutorial to be on operating system
dikplayed screen.

Selection Profile displayed,
User inputs PCB Suitable BIT Techniques

- Profile attributes and penali determined and
- Suitabilitv
- Penalty parameters. displayed. and
-__Penalty_ Penalty Report displa~ed

"DO" comm.nd UsCAD host graphics
d User chooses the execute file createdGeneration technique and containIn Insertion

circuit desired. comman d.

BIT Technique User runs Evaluation BIT Technique Penalty

Penalty Report C program on data Report generated to
__extract file. operating system screen.

Utilities User inputs infor- Program is generated
mation into utility. w~hich will bhe run in ihe

operating system.
e User indicates Tutonol figurefiur an digrtizeTutorial Figures fire and digitizes appears in CAD host

wnere itis to be

placed in CA.D host graphics environment.
graphics environment

User indicates BTID appears in
BTID Insertion BTID and digitizes CAD host graphics

where it is to be environment
placed in CAD host

raphics environment.

PCB Functional User inputs PCB CAD file which is
Design functional design into ready for CAD-BIT

C__AD _ envirnnm __nt

"DO" command A\ppropriate BIT
CAD-BIT Operating BIT Insertion execute file run in circut(s inserted into

System 'CAD CAD host graphics digitized place in PCB
environment.
Data extract run on Data file of BIT infor-

BIT Evaluation PCB in CAD host mation generated to be

graphics iviron- used in BIT Technique
ment. Penaln, Report

CAD-BIT Operating Overview or Data file to be printed Screen by screen
System / UNIX Operating Tutorial selected, to terminal display. display of data file.

System



3.4 FLNCTIONAL AND PERFORMANCE REQL.REMENTS

This secrion defines the functional and performance requiremen:s uf the CAD-BIT

system. Table 3-4 indicates the types of code used in each functri and ubfulnction of

the CAD-BIT system as well as the command(s) used cc initiate thera. In the following

subparagraphs references will be made to input, consisting of particular BIT Technique

data. This data is found in Volume 1I, Data Base of BIT Functions, except for rhe samples

that are included in this Volume. The operations performed on the data files are outlined

as well as the outputs generated. Exccpt where noted, all files are assumed to be located

under a common CAD-BIT directory. Files and'or directory levels are italicized. Variable

names are denoted by "< >". Refer back to Table 3-2 for clarification of any file names.

3.4.1 CAD-BIT 0&S MENU

The CAD-BIT operating system menu is located in the host systems U LX environ-

ment. All of CAD-BIT's LNIX driver' functions are contained in this menu. The items are

numbered in the order that they are to be performed. See Figures 3-2 and 3-3 for the

setup of this menu.

(1) Inputs

Assuming the user is logged into the host system and has a PCB schematic active, the

CAD-BIT operating system (UNLX) menu is activated by typing the following txo com-

mands after the system prompt

- scripts

- cadbit

The command "scripts" is -n alias initialized in the CAD system login files wAhich

changes the working directory to os-menu. The command "cadbit" executes the C-Shell

script os-menulcadbit which sets up the CAD-BIT main menus. See Figures 3-2 and 3-3

for a sample setup of the CAD-BIT operating system and CAD main menu screens

(2) Processing

This routine prints out the "CAD-BIT O/S MENU" heading and then executes the C-

Shell script os-menuldisplaymenu which displays all of the menu's optiuns. Once the CAD-

BIT operating system (L'NLX) menu is activated, the user makes subsequent menu selec-

tions by typing in numbers corresponding to the menu item being selected. The choice is

read into the C-Shell script os-menuloption which executes the programs and/or displays

data files corresponding to the menu choice.

- 15 -



03) Outputs

The CAD)-BIT procedures chosen by the user are generated as a result of the CAD-BIT

O/S menu. Each of the CAD-BIT operating system's menu items are explained in the

following sections. The main menu items corrcspond to the OS menu functions in Figure

1-2.

Table 3-4 Software Module Sunmr
Functions &Comns)od
SubfunctionsComns)od

Main Menu - - - -

displaymenu - -C-Shell

____ ____ ____ ____ ____ opt ion

Fl Overview _ _ _ _ _ _ _ _ _ _ _ _ _ _

F2 Short Tutorials short-tut C-Shell

F3 Long Tutorials long-cut C-Shell

F4 Selection--

Profilecadb it

newbit C

____ ___ ___ ___ ___ ___ gerz

Suitability suitable
overri de______ ___

Penalty penalty- - -

weihs - - -C

<#>orm_______

F5 Insertion search C

<t##>/insertf<circu it> hs A

F6 Evaluation cadbit-eval C

F7 Utilities add-technique

.en-circu it -C-Shell

_______ ~fix-penalty~ _ _

- 16 -



CAD MIENUI

CADDS G SELT~dOw CAD BIT'

CAD-BIT OS MENU

CAD COMIMAND WlNDOW % scripts

# % cadbit

Figure 3-2
CAD-BIT MODULE OPERATING SYSTEM MENU SETUP
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CAD MENU

CADDS Gr d :dow_______ ___
SESLLECT

EVAIL

SI,

' EiT "1Ii
I i I

CAD-BIT QS MENU

CAD COMMAND WINDOW 1. OVERVIEW
C 2. SELECTION

Jr ACTIVATE PART PCBI 3. SHORT TUTORIAL
4. LONG TUTORIAL
5. BIT INSERTION
6. EVALUATION
7. UTILITIES
8. EXIT CB

Figure 3-3
CAD-BIT MODULE OPERATING SYSTEM MAIN MENUS
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3.4.2 CAD-BIT OVERVIEW

The CAD-BIT Overview is a menu item chosen from the main C.AD-BIT operating

system (LUNLX) menu. The CAD-BIT Overview provides a brief description of the func-

tion of the CAD-BIT system.

(1) Inputs

The input data for the CAD-BIT Overview is a standard UNIX text file containing the

information to be displayed. The input file name is os-menu/overview.

(2) Processing

The processing of the CAD-BIT Overview consists of the calling of the standard LUNLX

command "more" from the main OS CAD-BIT menu ( Function I of the OS menu) Sct

Figures 3-4 and 3-5 for a sample setup of the CAD-BIT Overview.

(3) Outputs

The output of the CAD-BIT Over-view consists of the display of the overview descnption

file on the display terminal. On .- window system, the display will occur within the M4AIN

CAD-BIT Window (MCB&V).

3.4.3 SHORT TUTORIAL

The CAD-BIT Short Tutorial is a menu item chosen from the main operating system

(UNLX) menu. The CAD-31T Short Tutorial provides a brief description of each of the

BIT Techniques residing on the CAD-BIT system. The tutorial can contain both text and

figures.

(1) Inputs

The input data for the CAD-BIT Short Tutorial is a standard UNLX text file containing

the tutorial information to be displayed. The input file name is <t##>/short-tut, where

<t##> represents the BIT Technique number. The figure files are contained in the direc-

tory <cadsys>/cadbir/<t##>, where cadsys is the host system parts directory, and in files

,figl, 'fig2, ... /fign. These will rj.zide in the host CAD system's graphics file format. The

Short Tutorial text and figures are included in Volume 1I, Data Base of BIT Functions.

-19-



TlTORI i

PC
LOGIC _

CAD-BIT OS MENU

CAD COMMAND WINDOW 1 SVERVW
2. SELE=TON'
3. SHORT TUTORIAL
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6. EVALUATION

, UTILITIES
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Figure 3-4

CAD-BIT OPERATING MODE: SELECTING
OPERATING SYSTEM ENVIRONMENT OVERVIEW
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SYSTEIM CAD-BIT ENVIRON-

MENT.

Figure 3-5
OVERVIEW DISPLAY 'IN

OPERATING SYSTEM ENVIRONMENT
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(2) Processing

The processing of the text portion of the CAD-BIT Short Tutorial, Figure 3-6. consists
of the C-Shell script os-menw'short-tuz issuing the standard LNLX command "more" from
the main OS CAD-BIT menu (Function 2 of the OS menu). The tutorial is identified by
selecting the technique number of the technique to be displayed. These choices are con-
tained in the file data/technique-list which is printed to the screen. When figures are refer-

enced, they may be displayed by entering the graphics mode and inserting the figure file
into the graphics display using a standard CAD system command. See Figures 3-7
through 3-13 for sample Short Tutorial selection screens.

(3) Outputs
The output of the CAD-BIT Short Tucorial consis:. of the Jisplay of the fi!e

<t##>!short-tut on the display terminal. On a window system, the display will occur within
the MAIN CAD-BIT Window (MCBW).

3.4.4 LONG "hORLAL

The CAD-BIT Long Tutorial is a menu item chosen from the main operating system
(UNIX) menu. The CAD-BIT Long Tutorial provides a detailed description of each of the
BIT Techniques residing on the CAD-BIT system. The tutorial can contain both text and

figures.

(1) Inputs

The input data for the CAD-BIT Long Tutorial is a set of standard UNLX text files
containing the tutorial information to be displayed. The input file names are <t >,1ong-
tutloption, where <option> can represent ad,,antages, disadvantages, bit-sequence, attrib-

utes, default-design, parts-data, and/or bibliography. The figure files are contained in the
directory <cadsys>/cadbit/<t##> and in files Ifigi, /fig2, ... fign. They are referenced in
various long tutorial text fies. The Long Tutorial text and figures are included in Volume

11, Data Base of BIT Functions.

(2) Processing

The processing cif the text portion of the CAD-BIT Long Tutorial, Figure 3-14. consists
of the C-Shell script os-menu/long-tut issuing the standard UNIX command "more" from
the main OS CAD-BIT menu (Function 3 of the O/S menu). The tutorial is identified by

selecting the technique number of the technique to be displayed. These choices are con-
tained in the file data/technique-list which is printed to the screen. The user then selects
the type of Long Tutorial desired. When figures are referenced, they may be displayed by

- 22 -
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Figure 3-7
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- 24 -



CAD MENU 1
CADDS Gr do w .... .

LOGIC L

CAD-BIT OS MENU
CAD COMMAND WINDOW TO1 :ON-BOARDI ROM

TOZ PRPGtMISR
# T03: MICROPROCESSOR BIT

T04 OBIVCB
T05 MECRODIAGNOST[CS
T06 ERROR-DETECTION CODE
T07 D[G'TAL WRAPAROUND

,, _ _,,, _ __=,_< MORE >

Figure 3-8
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Figure 3-10
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Figure 3-11
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entering the graphics mode and inserting the figure file into the graphics display using a

standard CAD system command. See Figures 3-15 through 3-18 for sample Long Tuto-

rial selection screens.

(3) Outp.Uts

The output of the CAD-BIT Long Tutorial consists of the display of the file(s)
<t##>/long-tutI<option>. On a window system, the display will occur within the MLAIN

CAD-BIT Window (MCBW). There shall also be an option to send a hardcopy of the

displayeut file LU tile iin- piinter.

3.4.5 SELECTION

Selection appears as Function 4 of the main operating system (LNLX) menu. In choos-

ing this option the user is referred to the Selection Window for processing. Figures 3-19

through 3-20 illustrate the setup of the Selection Window. This procedure. from user

input ( User Design Profile ) and calculations, selects suitable techniques, calculates BIT

penalties, and generates a penalty report of all BIT techniques considered to be suitable

for a particular PCB design. These techniques are ranked in decreasing order of prefer-

ence. The user may follow the recommended technique or make another choice. This

procedure is divided into three sections (Profile Generation, Suitability Determination.

and Technique Ranking).

3.4.5.1 Profile Generation

This section generates a design profile of BIT technique attributes and penalty parame-

ters for a particular PCB design.

(1) Inputs

The input data for the Profile generation section of the Selection procedure is the name

of the profile to be generated and/or altered. This file is located in the director pro-

file,<profilename> and has the name /<profilename>.cur. The data file datat'ernplute is also
input into this procedure. This file contains the artributeiparameter variables, the default

answers, the allowable answers, and the questions to prompt the user for the generation of

the profile.

(2) Processing

The C program selectioncadbit.c. Figure 3-21, prompts the user for the name of the

profile to be used. It then checks for the existence of this file under the appropriate direc-
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tory. If it does not exist, the C program selectionInewbit.c is called to create the necessary

directories, prompt the user for a brief description of the profile ( user name. nomencla-

ture, etc. ) and copy a default profile into the new profile. Once the profile has been

found or created, its full name is entered into the file .cadbit along with the command that
sets up environment variables. Environment variables are those variables which, once

initialized, are active for an entire session. From this point on the environment variable,

PROFILE, will represent the current profile name. This is done so that after each login the

name of the last profile worked on widl be present in the UNIX environment without the

user having to identify it when using the most recent selection. The user is then requested
whether or not the profile is to be modified. If not, the profile is printed to the screen and

stays as is. If the file is to be overwritten, the C program selection/gen.c is called and the

data file dataltemplate is read in. This file contains all the attributes and penalty parame-

ters used for suitability, selection, and calculations. As each line of the file is read, the

question and the default answer are printed to the screen. The user types in an answer for

each question printed. See questions ( SQS ) in the Template file, Figure 3-48. An answ.er

can consist of the following

a. Question Mark ( ?) which causes the on-line documentation (help facilities)

to be printed to the screen for a particular PCB attribute or penalty parameter.

Each help file has the naming convention, help/<variable>-help. See section

3.9.1.2 for a listing of all the help file contents.

b. Exclamation Point ( 1 ) which causes the procedure to accept all of the
following answers as defaults.

c. Carriage Return with no other input which causes the default answer for the

particular attribute or penalty parameter to be accepted.

d. A character or string is taken as an answer but first it is checked for correct-
ness by the C program, selection/,sntax.c. The user's answer is passed along

with the allowable answers to the syntax.c program and compared. If the us-

er's answer matches one of the allowable answers, it is accepted and entered

along with its attribute/parameter variable into the profile. If no match is

found, the user is informed of the error and the corresponding help file is
printed to the screen. The user is then prompted for a new answer. When the

profile is complete, it is printed to the screen for verification. If something

needs to be changed. the user re-runs the procedure.
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I-) Outputs

The output of this procedure is a completed Lser Design Profile under the name pro-

fiie/<profilename>;<profilename>.cut. In this file are contained the Suitability Atmbute List

(SAL), the Suitability Answer Set (SAS), the Penalty Parameter List IPPL), the Penalty
Weighting Factors (PWF), and the Technique Override List (TOLl. For a definition of

these parameters, see section 7.1.

3.4.5.2 Suitability Determination

In this section a list of suitable BIT techniques is generated for a particular PCB design.

I) Inputs

In generating a list of suitable BIT Techniques, three or more files are input into this
procedure. The first. daza:technique-lisr, is a list of all the BIT techniques available . The

second file is the profile which contains the SAL and SAS for the particular PC_- design.

The third (or more) file(s), <t##>,teq-file. are the BIT technique attribute files them-

selves. Contained in each is the SAL and SAS which define suitability requirements for
the BIT techniquets).

(:) Processing

The C program selecrionsuitable.c, Figure 3-22, obtains the environment ;'ariable. PRO-
FILE. which contains the name of the most recently used profile. To determine the suit-

ability of a technique the SAS from the profile is compared with the SAS of each BIT

technique file. <r #>1teq-file. The data file, dataitechnique-list, is used to obtain the exis:-
ing technique numbers for the techniques being compared. If all the applicable attributes

in a technique file match those of the profile, then a technique is considered suitable and

is entered into the file datal <profilename>isutable otherwise it is entered into the file

dataJ<profilename>/rejects along with the attribute variable that it failed on. All attributes
may not be applicable for each technique. This will be indicated in the <t=frteq-,lle(s)

using the attribute value "@". Once the suitable techniques have been established, they
are printed t, the screen and the user is prompted as to whether or not the penalty

calculations are to. be generated. If not, the user has the option to view the rejects con-
tained in the data file, data/<profilename>irejects. The user is then prompted as to whether

or not there are any forced exclusions and/or inclusions. If so. the C program. seiection,
override.c, is called which prompts the user for the technique numbers of the techniques to
be excluded and/or included. Once complete, the new list of suitable techniques is gener-

ated (data'<profllename>,'suitable) and the user is again prompted for penalty calculations.
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(3) Outputs

Two files are generated from this procedure. The first, data'<profilename> siutable. con-

tains a list of suitable BIT techniques for a particular User Design Profile, Figure 3-23.

The second, data!<profilename>/rejects, contains a list of all the BIT techniques rejected
along with the atribute(s) the comparison failed on, Figure 3-24. When displayed, these

files can be viewed in the Selection Window.

3.4.5.3 Technique Ranking ( Penalty Calculations )

In this section, the suitable techniques are ranked in decreasing order of preference

based upon penalty formulas associated with each BIT technique. These formulas can be

found in Volume HI, Data Base of BIT Functions. See Appendix-B for a listing of the

penalty algorithms.

(1) Inputs

The file datal<profilename>/suitable that was generated in section 3.4.5.2 is input intG
this procedure along with the profile which contains the weighting factors that are to be

applied. For each suitable technique, the user is prompted for information pertaining to
the technique.

(2) Processing

The C program selec.ion/penalty.c, Figure 3-25, reads in the profile along with the corre-

sponding list of suitable techniques, datak<profilename>/suitable. The technique numbers

and names are read in from the list. The technique numbers are tested in a C switch
statement. For each case, a subroutine with the name <t##>form is called and the pen-
airy parameters which are represented as C structure pointer variables, as well as a char-

acter string containing the profile name, are passed to it. The file name structure of these

C programs is <t##>/formulas.c. Each of these routines is generated through the fix-pen-

alty utility. Through these C programs the user will be prompted for User Requested
Data (URD - input pins, output pins, etc.) which can be found in the Volume 11. Data
Base of BIT Functions. The user's answers are placed in a file, pro-

file/<profiename>/<t##>-urd, for future use. If this file exists upon execution of this proce-

dure, the user is prompted as to whether or not the original answers are to be accepted or

disregarded. The answers are then applied to Component Determination Equations
(CDEs). These equations generate the quantity of circuits .iecessary for the particular
PCB design. The results of these calculations and the names of the corresponding circuits
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T01 ON-BOARD ROM

T02 PSEUDO RANDOM PATTERN GENERATOR/
MULTIPLE INPUT SHIFT REGISTER (PRPG/MISR)

T03 MICROPROCESSOR BIT

T08 BUILT-IN LOGIC BLOCK OBSERVER
(BILBO)

SAMPLE FILE CONTAINING SUITABLE TECHNIQUES.

Figure 3-23
TECHNIQUE SUITABILITY

T03 MICROPROCESSOR BIT REJECTED DUE TO

ATTRIBUTE USAGE. NO MATCH BETWEEN
USAGE IN TECHNIQUE (SAA) AND

USAGE IN PROFILE.

T04 ON-BOARD INTEGRATION OF VLSI

CHIP BIT (OBIVCB) REJECTED DUE TO
ATTRIBUTE MICROPROCESSOR. NO
MATCH BETWEEN MICROPROCESSOR
IN TECHNIQUE (SAA) AND

MICROPROCESSOR IN PROFILE.

SAMPLE FILE CONTAINING BRIEF EXPLANATION

AS TO WHY A TECHNIQUE WAS REJECTED DURING

THE SUITABILITY TEST PHASE.

Figure 3-24
TECHNIQUE REJECTION
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are placed in a file, duta/<profiename>-<tzi>, Figure 3-26. This data is later used in the
BIT Insertion section to determine how many of each circuit type is to be placed in the
PCB. The quantity calculated is then used in the Technique Penalty Equations TPEs).

These penalties are stored dynamically in the structure pointer variables that were passed

to the subroutine.

After control is passed back to selectionlpenalty.c, an internal subroutine ( normali:e ) is

called to obtain the average penalty for each Technique Penalty Parameter ( TPP ). These
averages are then normalized through another formula. Algorithms 4 and 5 of Appen-

dix-B are implemented to achieve this.

After normalization, the subroutine selectionlweighting-factors.c is called to apply the
profile weighting factors to the normalized array. Refer to algorithm 6 of Appendix-B. If

the penalties in the profi': ( PPL ) don't match the penalties in the array, a warning which
contains the name of the missing penalty parameter is printed. The resulting penalties
are placed in the penalty report. Each technique is then ranked by adding the penalties
for each technique together and comparing the sums. These Figures of Merit (FOM) are
calculated through the internal subroutine, rank..penulty (algorithm 7 of Appendix-B). The
techniques and their penalties are then sorted in decreasing order of preference with the

best technique having the lowest penalty ranking. This Information is then placed in the
penalty report, data/l<profilename>Ipenalty-report.

(3) Outputs

The file data/<profilename>/penalty-report is output to the Selection Window. This file is

a ranked order list of BIT Techniques with associated penalties. They are ranked in de-
creasing order of preference, Figure 3-27. There are individual lists that are output.

data /<profilename>-<t##>, Figure 3-26, which contain two columns of information : the
circuit name and the quantity of circuit elements which are to be placed in the PCB. User
Requested Data files are also output. They contain the users responses to the User Re-
quested Data for each suitable technique.

3.4.6 BIT TECHNIQUE INSERTION

The BIT Insertion process is Function 5 of the main operating system (UNIX) menu.

The result of this menu choice is an execute file to be used in the CAD environment to
insert specific entities into the PCB. Prior to this, however, one is advised to enter the BIT

Technique Insertion Diagram (BTID) for the technique being implemented into the PCB,
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data/<profilename>-<t##>

CIRCUIT QUANTITY

ROM 4

MUX 1

COMPARATOR 1

Figure 3-26

CIRCUIT QUANTITY FILE
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data/<profilename>/penalty-report

CAD--BIT

TECHNIQUE SELECTION

TEST

TECHNIQUE AREA POWER WEIGHT TIME R-N KING
ID DESCRIPTION mm2 mw grams usec

tO On-Board ROM 4.35 5010 46 195 44

t02 PRPG/MISR 4,82 5825 51 1820 68

t08 BILBO 7.74 4612 32 1650 71

t03 Microprocessor BIT 2.91 3720 35 2113 84

Suitable BIT techniques are ranked in decreasing order of preference.

Figure 3-27

PENALTY REPORT
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section 3.9.2.7. The BTID guides the insertion process and provides a check-off mecha-

nism to keep track of inserted BIT circuits (Insert Circuit, BIT Flag Insertion and BIT

Group Insertion).

3.4.6.1 Insert Circuit ( "Do" Command Generation & Implementation

The "DO" commands, Figure 3-28, are generated execute files which contain the host

CAD environment commands for the insertion of circuits into the PCB. The commands

include the number and name(s) of the circuit(s) to be inserted.

(1) Inputs

Five files are input into this procedure. The first, daratechnique-list, contains the list of

BIT techniques and their respective technique numbers. Th.e second, <t##>,'circuitmenu,

contains a list of all circuits and the corresponding default parts used by the particular

technique. The third, data/default-parts, contains all the library names and default part

numbers for circuits to be inserted into the PCBs. The fourth, datahost-commands, con-

tains a list of graphics "insert component" commands for different CAD systems. The

fifth, data/<profilename>-<t##>, contains a list of circuits and the quantities of each that

are to be inserted into the PCB design for a particular BIT Technique. This file is gener-

ated in the Penalty calculation section of the Selection procedure.

(2) Processing

The C-Shell script os-menulinsert-bit, Figure 3-29, prints the file, data/technique-list, to

the screen and prompts the user for the technique number of the BIT technique that is to

be implemented. The file, <t##>Icircuirmenu, is then pnrted to the screen which contains

the list of circuits available for the selected technique. The technique number and circuit

name chosen are passed to the C program bit-ins/search.c which creates an execute file,

<t##>/insert<circuit>, to insert the calculated number of circuits into the PCB design, Fig-

ure 3-28. The C program first obtains the profile name through the environment variable.

PROFILE. The file data1<profilename>-<t##> is accessed and the circuit name that was

selected is compared with the circuit names in the file. When a match is found, the

quantity associated with the circuit is read in. The file <t##>'circuitmenu is then open. The

circuit names are compared and, when a match is found, the default part number is read

in. The circuit name and default part number are compared to the information in the data

file, data/default-parts, to find the CAD library name of the circuit. The appropriate inser-

tion command for a CAD system is located on the first line of data/host-commands. The

quantity, library name, and CAD command are then entered into the execute file as an

insertion command. This insertion command is executed via the CAD graphics menu and
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results in the BIT circuits being inserted in the PCB. Figures 3-30 through 3-36 illustrate

the BIT insertion procedure.

(3) Outputs

The number and name of the circuit(s) to be inserted is printed to the VICBW. The

graphics command file <t##>finsert/<circuit> is also created containing a line such as :

Insert circuit(s) "circuit name" location "pl,p2...", which is used at CAD graphics level to

insert the actual circuits into the PCB.

tOlinsert/rom

SCREEN OUTPUT

Using 4 1024X8 ROMS P/N TBP38516
PLEASE DIGITIZE 4 LOCATIONS

RESULT

GENERATES COMMAND IN HOST CAD SYNTAX TO INPUT
4 1024X8 ROMS OF DEFAULT PART NUMBER TBP38516.
IN COMPUTERVISION CADDS 4X SYNTAX:

INSERT NFIGURE CADBIT.TBP38516: MODEL LOG dddd

Figure 3-28

"DO" COMMYANDS
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CnBC 
AT OES E

CADDS Gr Ac dow

PC

C-BIT OS MENU'

1. OVERVIEW
CAD COMMAND WINDOW 2. SELECTION

INSERT FIGURE NAME 3. SHORT TUTORIAL
4. LONG TUTORIAL

ON-BOARD-ROM-BTID: 5. BIT INSERTION
MODEL LOC d 6. EVALUATION

7 UTILITIES
8. EXIT CB

Figure 3-30
BTLD INSERTION SELECTION

IN CAD ENVIRONMENT
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CAD MENU

CADDS Gr dow _...I_. dow,

-~TJ

PC
LOGIC_____ I\S-BEt D11,T

CAD--B[T OS VEN .

.. ovERVIEW
CAD COMMAND WINDOW 2- SELECTION

3. SHORT TUTORIAL
INSERT FIGURE NAME 4- LONG TUTORIAL
ON-BOARD-ROM-BTID
MODEL LOC d 6. AI

# 6. EVALUATION
7. UTILITIES
a. EXIT CB

Figure 3-31

BTID INSERTED IN PCB DRAWING SPACE
IN CAD ENVIRONMENT:

OS MENU BIT INSERTION SELECTED
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CAD \IENL

CAD-BI Gr ME=7 __________

SELSRTFIUE NAME T0IRPOCSO I

MODEL~~~~7\, LOLAGSMCRDANTC

LOG I GIA WRPATROU

OS MENU-BIT I MNSEUN
CADCOMA TECHNOWI : QUEOD SELCTE
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*CAD MENU

_______________S IS TD F TFLA';

LOGI N TTROLp 7EC b(J

CAD-BIT OS M4ENU

CAD COMMAND WVINDOW ROM
MULTIPLEXER

9 INSERT FIGURE NAME COMPARATOR
ON-BOARD-RO.M-BTID: COUNTER
MODEL LOG d DECODER

# DELAY CHIPS

Figure 3-33

OS MENU BIT INSERTION:
CIRCUIT SELECTION
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CIRCUIT DEFAULT P N

TOI - ON-BOARD ROM I COMPARATOR L.31-4\

T02 PRPG, MISR 2 ')P-AMP %.IC, 558

T03 MICROPROCESSOR BIT 3 JK-FLIP-FLOP -4H!03

7BIT TECHNIQUE LIST " •

At. ROlfVf TBPISSI6

I TECHNIQUE CIRCUIT MENU-7

CIRCUIT QUANTITY

MLX I

* S CIRCUIT DEF. P N LIBR NAME
* 5

COMPARAfOR LM319N CADEIT L 13 ,,COMPARATOR I

OP-AMP MC1558 CADBIT MC: 558

CIRCtIT QUANTITY FILE "JK-FLIP-FLOP "74H103 CADBIT -4H!03

SCREEN OUTPUT 4D

USING 4 1024XS ROMS P!N TRP3516. ROM TBP38516 CADBIT TBP3. 516

PLEASE DIGITIZE 4 LOCATIONS
- DEFAULT PARTS FILE

RESULT

GENERATES COMMAND IN HOST CAD SYNTAX TO

INPUT 4 1024x8 ROMS OF PART NUMBER TBP38S 16.

In CV SYNTAX

[NRT NF1GU BT TB L 7I CAD SYSTEM SYNTAX FX

MODEL LO dddd ----
' , CV INSERT FI Q"

SYNTAX WILL BE DIFFERENT FOR OTHER MENTOR GR. kctivate Component

CAD SYSTEMS. DAISY Component

CV-SCHENI. Get Smbol

DO-COMMANDS CAD HOST SNNTAX FILE

Figure 3-34
"DO" CO MAND GENERATION
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05/16/94 11: 10 V315 330 3909 RL/IMA LZj002

CAD 'NIEN U

CAD-BI Os MENU

VIAND INDOW USING 4 1O24xg ROMS.
CAD OMMAD WIDOW PART NUMBER TBP38 516.

INSERT FIGURE NAME INSERT BY SELECTING
ON-BOAAD-ROM-BT!D: THE -EXEC DO" CAD
MODEL LOC dddd MENU rrTEM.

# ~PLEASE DIGITIZE 4
LOCATIONS.

Figure 3-35
CAD ENVIRONMENT COMMIAND EXECUTIO.N



05/16/94 11:11 '315 330 3909 RLI MA 1003

CAD MEin.L

USING 4 10208 ROS,

CAD COM-MAND WINDO PART NUMBER TBP38SI6.

t rNSERT NRURE INSERT BY SELECTING
CADBn.TBP31S16: THE 'EXEC DO* CAD
MODEL LOC dddd MENU ITEM.

D PLEASE DIGTZE 4
LOCATIONS.

Figure 3-36
CAD MENU "DO" COMMAND EXECUTION
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05/16/94 11:12 %315 330 3909 RL/IMA 004

3.4.6.2 BIT Flag Insertion (CAD mode)

The BIT flag is a propertviattribute with an associated value to be assigned to each BIT

Circuit Component (i.e. each circuit component which is BIT related). This information

will be extracted by the host system data extraction procedure for the Evaluation routine.

(1) Inputs

The designer enters the property/attribute *'BITFLAG" and a value ( real decimal value

in the range of 0.0 to 1.0 ) to indicate that the component is part of the BIT circuitry. The

decimal value indicates the fraction of the component that is allocated to BIT.

(2) Processing

A property containing the attribute and the real decimal value ( 0.0 to 1.0 ) is entered

onto each BIT Circuit Component in the PCB through the use of a host graphics level

command. This command is contained in the graphics menu or it can be typed in. Figure

3-37 illustrates the insertion of the BIT flag attribute.

(3) Outputs

The data base will be updated with the BITFLAG actribute and the associated value.

3.4.6.3 BIT Group Insertion (CAD mode)

This will mark the component as BIT circuity and place a BIT group number on the

components. This information will be extracted by the host system data extraction proce-

dure for the Evaluation routine.

(1) Inputs

The desigre. enters the property/attribute 'BITGROUP" and a value ( integer from I to

nn ) to indicate the BIT group that the component belongs to.

(2) Processing

A property containing the attribute and integer value representing the BIT group num-
ber is entered onto each BIT Circuit Component in the PCIB through the use of a host

graphics level command. This command is contained in the graphics menu or it can be

typed in. Figure 3-38 illustrates the insertion of the BIT group attribute.

(3) Outputs

The data base will be updated with the BITGROUP attribute and the associated value.
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05/16/94 11:13 315 330 3909 RL/IMA [1005

-CA-DDS Or Idow

SEEC

CAD-BIT Os MENU
COMMAND WINDOW USING 4 1024x8 ROMS.

PART NUMBER TBP38516.

# INSERT PROPERTY I iNSERT BY SELECTING
BITFLAG 1.0 THE EXEC DO' CAD

MODEL LOC NFIG dddd MENU ITEM.
PLEASE DIGITIZE 4
LOCATIONS.

Figure 3-37

ROMS LNSERTED.
SELECT CAD MENU

INSERT BIT FLAG ATTRIBUTE ICON

- 61 -



CAD \tEN\

CAD-BIT OS MEN

SNERPRPRYNSRBYSELECTIN
BITOROUP~~ -r I T ES.DO A

PLEASETI DINITFZEG

O CATIONS.C D

SELECT CAD MENU

BINSRBTGROUP 1:1TER"EXEUDO CCON

MODEL~~~~~ 62C -FGcd E Tk[



3.4.7 BIT TECHNIQUE EVALUATION

3.4.7.1 BIT Penalty Data Extraction From CAD Schematic

It is assumed that a schematic design data extraction language is available on the host

CAD system.

(1) Inputs

Inputs will have been provided during the BIT Technique Insertion phase including the

BIT FLAG and BIT GROUP attributes and values.

(2) Processing

A host schematic graphics data base extract program is used to extract the part infor-

mation from the PCB schematic. These programs are specific to each host system I Com-

putervision, Mentor, Daisy, etc ). It is the responsibility of the user or CAD support group

to write these programs.

(3) Outputs

A data file containing all the part information extracted from the PCB is generated

under the name dataicadbit-eval-data. It is required that the output format be as de-

scribed in Figure 3-39.

3.4.7.2 BIT Ranking

The CAD-BIT Ranking procedure is Function 6 of the main operating system (UNIX)

menu. This procedure is used in conjunction with section 3.4.7.1 to generate a ranking of

the BIT circuitry actually placed into the PCB.

(1) Inputs

Three files are input into this procedure: the Parts Penalty Data file, datappd, the pro-

file, and the file which results from the extract procedure on the CAD schematic. Figure

3-39.

(2) Processing

The C program, eval/cadbit-eval.c, reads in the above three files, dtappd, the profile.

and data/cadbit-eval-data. For each circuit in the file daralcadbit-eval-dutu, the BIT fac-

tors found in datalcadbir-eval-data are applied to each penalty parameter in the file dutu;

ppd to arrive at an actual set of penalties for the circuit. Each of these penalty parameters

is compared against those in the current profile to find any inconsistencies in the data.
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data/ cadbit-eval-data

Element BIT factor Partno BIT group

Ul 0.50 LM319N 1
U2 0.50 74H103 2

* 00 0

Un 0.50 MC1558 3

R11 0.30 N/A 4

R12 0.20 N/A 4

Rnn 0.10 N/A 5

This is a sample data file which results from

the host graphics extract routine on the PCB

during the Evaluation Procedure.

Figure 3-39

DATA EXTRACTION REPORT
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If there is a discrepancy, a warning will be printed which specifies the missing penalty

parameter. After all the BIT factors have been applied, each of these parameters is then

summed based upon the BIT group that the circuits belong to. Their groupings can be

found in dara/'cadbit-eval-data. The results are then placed in the file dutu.<prollename>,

btpr, Figure 3-40. Figure 3-41 illustrates the generation of the BIT Technique Penalty

Report. See Appendix-C for the Evaluation algorithms.

(3) Outputs

A BIT Technique Penalty Report, datakprofilename>ibtpr, Figure 3-40, is generated as a

result of the BIT Ranking procedure. This file, which contains the B[T group number

along with the various penalties associated with it, is displayed in the MCBW.

Bit Penalty Report

BIT Group Area Power Weight

1 0.8625 3.2 0.43
@00

2 0.8625 2.2 0.43

* 0 0 0
* 0 0 0
* 0 0 0

n 0.7775 2.1 0.45

Figure 3-40

BIT TECHNIQUE PENALTY REPORT
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RUN ELEMENT BIT FACTOR PARTNO. BIT GROLP
CADBIT

EVALUATION Ul 0.50 LM319N 1
EX TRACT L2 0.50 -4H103 2

Un 0.50 MC1558 3

R11 0.30 N/A 4
R12 0.20 N/A 4

DATA Rn 01 I
EXTRACTION Rnn 0.10 N'A

REPORT DATA EXTRACTION REPORT

PART NO. AREA POWER WEIGHT

LM319N .21 .05 0 -43
MC1558 .24 .09 0 43

PARTS PENALTY TBP38516 .24 09 0.43

DATA FILE TP81 144

74H103 .25 .03 0.43

COM vPUTE PARTS PENALTY DATA
BIT

PENALTIES

BIT Group Area Power Wejght

BTi 0.8625 3.2 soo 0.43

PENALTY 2 0.8625 2.2 0.43

REPORT S

n 0.7775 2.1 0.45

BIT PENALTY REPORT

Figure 3-41

BIT PENALTY EVALUATION
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3.4.8 LTILITIES

The utilities are most often C-Shell scripts used to alter or create procedures when a
new technique and/or attributes are added or deleted. The utilities a.-, fcund in the main
operating system (UNLX) Function 7. To access them, type in the appropriate command
in the Selection Window. The three utilities are in the following subparagraphs (Add-

Technique, Gen-Circuits and Fix-Penalty).

3.4.8.1 Add-Technique

The C-Shell script utilitiesvadd-technique adds a new technique into the data file dwa'!
technique-list. Once the new technique is added, the C program selection/create-teq.c is run
to generate a new BIT Technique file, <t##>/teq-file, which contains the technique idertifi-
cation, SAL and SAS for the new technique.

(1) Inputs

The user inputs the name of the new technique as well as the attributes associated with

that technique.

(2) Processing

The utility utittiesladd-technique checks for the next available technique number in
dataitechnique-list, assigns that number to the technique, and adds the entry into datu.tech-
nique-list. A new directory called <t##> is created under the home directory. The routine

selectionlcreate-teq.c is then run. This routine creates the data file, <t#4 >,teq-file. by read-
ing the SAL, SAA, and SQS from data/template. Each question from the SQS is printed to

the screen. For each question, the user types in an answer. In selectionl'sntax.c the answer
is compared with the allowable answers ( SAA ) for that attribute in the SAL. If the user's
answer matches one of the allowable answers, it is accepted and entered along with the
attribute into <t#*>/teq-file. If no ma, _h is found, the user is informed of the error and the
corresponding help file is printed to the screen. The user is then prompted for a new
answer. See Figure 3-48 for SAL, SAA, and SQS entries.

(3) Outputs

The data file <t##>iteq-file is generated. the technique subdirectory is created, and the
technique list is updated as a result of this utility.

3.4.8.2 Gen-Circuit

The C-Shell script utilitiesIgen-circuit adds a new circuit and other pertinent information
library name and/or default part number ) to the files <r##>,circUitmenu and dataUde-

fault-parts.
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(1) Inputs

The user inputs the technique number (t#) of the technique which the circuit is to be

associated with as well as the Circuit name, the default part number, and CA.D library

name.

(2) Processing

The utility utilitieslgen-circuit checks for the existence of the specified circuit in all the

<t##>/circuitmenu(s) where it is to be placed. If the circuit already exists in any files, those

files are not changed. The file(s), as well as data/default-parts, are then sorted in alpha-

betical order according to the Circuit names.

(3) Outputs

If the outputs do not already exist, <t##>circuitmenu is created, and the dataidefault-

parts file is updated.

3.4.8.3 Fix-Penalty

The C-Shell script utilitieslfix-penalry generates a C program containing the penalty
formulas for a particular technique with the naming convention <t##>,formulas.c This

utility also alters the C program selectionlpenalty.c to incorporate new technique(s). This

utility generates C programs used in section 3.4.5.3.2. See Figures 3-42 and 3-43 for
sample run of this utility.

(1) Inputs

The user inputs the technique number of the BIT technique being added and/or altered,
if applicable, as well as any questions and formulas which will be used in the generation

of the penalty report. This information is located in Volume II. Data Base of BIT Func-

tions. The file datalpenalty-cases is also input into this utility. This file contains a C switch

statement block which, depending upon the techniques considered suitable, will branch to
the specific C subroutines <t##>,formulas.c to perform the Technique Penalty Equations

(TPEs).

(2) Processing

At the user's request, the following C programs can be altered : <t#-4>,formulus.c. selec-

tionlpenalty.c, and selection/weighting-factors.c. The user inserts into this utility the tech-

nique number, which is used to create or modify the subroutine <t## ,formulas.c. and the

questions and formulas to be used in the routine. The technique number is then used to

- 68 -



Sample Penalty Formula Generation WorkSheet
For On-Board ROM Technique

PART 1A INTRODUCTION .....

1. Enter technique number ( if applicable ) t1

If altering a TPE file :

2. How many User Requested Data questions ( URDs ) will be asked 5

( see Data Base of BIT Functions for questions pertaining to particular technique ( URDs

3. How many Component Determination Equations ( CDEs ) will be used ? ___

( see Data Base of BIT Functions for formulas pertaining to particular technique

PART 1B USER REQUESTED DATA ....

This data DOES NOT include the Technique Penalty Equations ( TPEs I. They are generated
PART 3

VARIABLE

QUESTION ASSIGNMENT

1. How many primary input pins are used by the PCBs Operational
Circuitry ? v

2. How many primary output pins ? v2

3. How many test patterns are to be stored in the ROMs v 2

4. What is the test pattern application rate ?v4

5. What is the estimated initialization rate ? v5

6. v6

7 . v "7

8. v8

9.

10 10

Figure 3-42
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Sample Penalty Formula Generation WorkSheet
For On-Board ROM Technique

PART 2 COMPONEN-T DETER-MINAnION EQUATIONS .....

( These formulas DO NOT include the Technique Penalty Equations ( TPEs )

CIRCUIT
TYPE QUANTITY FORMULA

ROM nI (vli8 )(v3/2048 ) + ( v2,8) (v3/2048)
MULTIPLEXER n2 vl/8
COMPARATOR n3 v2/8
COUNTER n4 v3/4
DECODER n5 I + ( n4/3
DELAY-CHIPS n6 2
JK-FLIP-FLOP n7 1
CONTROL-GATES n8 2

PART 3 TECHNIQUE PENALTY EQUATIONS

: ee Data Base of BIT Functions for formulas pertaining to penalty parameter5 ( TPE

PENALTY
PAR,AMETER FORMULA

AREA 1.15 ((.375 n) + ( .87 n2 ) + ( .375 n3 ) + ( .243 n4)
( .375 n5 ) +( .375 n6 ) + ( .243 n7) + ( .243 n8 ))

POWER (-225 nl) +( 350 n2) +( 37 5 n3 ) +( 455 n4) -
(375 n5 )+ (200 n6 +( 90 n7 ) + (110 n8 )

WEIGHT 1.1 ( ( 6.5 nI ) + ( 7.5 n2 ) + ( 6.5 n3 ) ( 2.0 n4
(6.5 n5) + ( 6.0 n6) +( 2 n7) + ( 2 n8))

TESTTIME (v3)(v4) + v5

DELAY N/A

Figure 3-42 (continued)
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Sample C programs Generated
tO I/forntdas.c

0 1 :nclude statements

Ol form(atea. weirht. power. testume, delay)
. variable declarations *

m vi. v2. v3. v4. v5. nj9j;
char *circuitt9]
etc .....
" ask questions and read answers specified in fgure 3-3 "
" use formulas to calculate penalties "
. print ciucit names and formula results to data,<profilenrae>--<tr#>

* end tO1 form "'

selection/penalty c
0 [ :nclude statements

main ( ) l

, variable declarations

* read technique numbers and name from data, profilename>,i5uirable

* C switch statement from datapenaty-cases placed here "

* calls i*_form( parameters )

normalize ( pairamelers ).

weights ( parameters )

rank.penaliy f parameters

d pnnt information :o data'<profilenarne>.penaliy-port

S"end "'

normalizei parameters)
variable declarations

apply normalization formulas

*end '

rankpenaltyi parameters)

.ariable declarations

apply ranking formulas to obtain technique Figures Of Merit (FOMA)

end

selection/weightin g-factors. c

* f include statements

weights( parameters

variable declarations

read in weighting factors from profile and incorporate into n.ormalized array

"end'

Figure 3-43
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alter the data file data,penalty-cases by adding in a subroutine call to the new C program
The data file is then incorporated into ,electionpenalrv.c. If new penalties have been
added to dataitemplate, they are incorporated into selection,'weighting-factors.c. The result-
ing C programs, <t#>,.formulas.c, selecrionri eighting-ftctors.c. and seiec,ion.penulv.c, are
then compiled and ready for use in generating the penalry report dutal<profl!enarme>.pen-
airy-report.

(3) Outputs

The compiled C programs, <t# #>Iformulas.c, selection;weighting-factors.c, and ,electionl

penalty.c (the main calling procedure), are all generated by the fix-penalty utility.

3.5 ADAPTATION REQUIREMENTS

CAD-BIT has been designed to be extensible, therefore, the whole data base is adapt-

able. This extensibility exists by virtue of the fact that BIT techniques can be added
%ithout limit tsubiect to memory storage limitations). Other factors which might limit

extensibilin may be freely added as line items in ASCII text files.

3 51 SYSTEM ENVIRONMENT

CAD-BIT is designed to run on various CAD systems. Certain operations, such as BIT

insemon, need to implement CAD graphics commands. For. CAD-BIT to be extensible,

the CAD graphics commands cannot be hardcoded into any executeable code. The data

file data,' host-commandc is present on the CAD-BIT system to alleviate this problem. This

file contains the syntax for various CAD systemS for inserting parts into a PCB functional

design. CAD-BIT can be adapted to an additional CAD system by adding the system's

circuit insertion command syntax definition to the syntax file. The syntax definition is

added in the first line of the file. A CAD Host Syntax file is shown in Figure 3-51

The CAD-BIT graphics files, such as the tutorial figures and 3TIDs, are adaptable when

trar,-lated via IGES on the CAD system being implemented.

3.5.2 SYSTEM PARAMETERS

The data used within the CAD-BIT system can change with the addition or ceietion of

BIF techniques and their corresponding BIT files (BIT circuit elements. BIT attributes.

penalty parameters, etc). The following files give CAD-BIT its adaptability to system

parameters : dta/default-parts, dataippd. <t##>,circuitment. dautuempiure. <4=> teu-!iUe

data, technique-list. <t##>Ishort-tUt, <t# #>.ong-tuti<option>. help,<vuriable>- help. and

<t n >,fiormulus.c.



Additional technique circuits are added to the files <tr >,circutmena. Additional pro-

grams required for added techniques or circuits are added via the utilities and these

programs become part of the catalogue structure. IGES files are used only to transfer

graphics files to different CAD systems. Line entries in the fi!es dara.Jefault-par!S and

datu/ppd need to be added only if new parts are added for the technique circuits. Addi-

tional penalty factors may be added by the addition of the penalty parameter in the PPL

section of the file data/template.

Additional suitability attributes along with their respective default answers, allowable

answers ( SAA ) and question text are added in the SAL section of the dutwatemnlate file

as well as in the BIT Technique files ( <t#>a'teq-file ).

3.5.3 SYSTEM CAPACITIES

There are no capacity limitations built into the CAD-BIT system except that of Ji~k

storage space.

3.6 QUALITY FACTORS (REQUIREMENTS)

The quality factors for the CAD-BIT system are stated in the following subparagraphs.

3.6.1 CORRECTNESS REQUIREMENTS

The CAD-BIT system's objective is to help select the optimum BIT technique for a PCB

functional design. To achieve this, numerous formulas are necessary. Of major impor-

tance is the quantity of BIT circuit elements inserted into the PCB. The formulas which

calculate these numbers will be made accurate. Round off errors will be taken into

account. If there is a fraction of a BIT circuit, that number will be rounded up to the next

highest whole number.

3.6.2 RELIABILITY REQUIREMENTS

The CAD-BIT system will detect errors during its execution. Once detected, the user is

informed of the name uf the routine where the error occurs and any file names and

parameters that have caused the error. If an error occurs in a data file, then the CAD-

BIT system will output an error message. This message contains the data file and pointer

to the line where the error or missing information is ( i.e. technique name, suitability

parameter, penalty parameter, etc.). After the error is detected, the user can alter the data

file and rerun the procedure. For example, if an error occurs during the generation of a

"DO" command in the BIT Insertion procedure. there is probably an entry missing in
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either dutadefault-parrs or <t##>,circuitmenu. once the user alters these file(s), the BIT
Insertion procedure can be rerun. If an error occurs in a C program. then the user runs
the appropriate utility to fix the problem. For example, if prior to generating the esti-
mated Penalty Report the user neglected to enter a parameter into utilities~fix-peralty. then
the C routine it created will fail. An error message will be printed indicating the C

program where the failure occurred and the parameter it failed on, if possible.

3.6.3 INTEGRITY REQUIREMENTS

The CAD-BIT system code shall restrict unauthorized write access to any of the the BIT

data base files and code.

3.6.4 USABILITY REQUIREMENTS

Since the CAD-BIT system is a user-friendly package, little time and effort will be
required for the engineer to understand the module. Through the use of unambiguous

-teens, menus, prompts, and on-line documentation, the engineer can walk through

CAD-BIT with relatively little trouble. There is, however, no control over the CAD sys-
tem operations.

3.6.5 MAINTAINABILITY REQUIREMENTS

If an error due to user input occurs during the generation of the User Design Profile,
the user shall be informed of the error along with an explanation via the help facilities. If
an error due to input from a data file occurs, an error message will be printed indicating
the particular file and parameter causing the problem so the error can be corrected.

When changes need to be made, they will be made to a minimun amount of items and
accepted globally where applicable. These changes will either be made manually by the
user or through the various utilities available.

3.66 PORTABILITY REQUIREMENTS

Since UNIX is written primarily in the C language and makes very few assumptions

about the architecture of the computer, it has been transported to many different com-

puter systems with a relatively small amount of effort. If a system supports both UNIX
and C, most, if not all, of the CAD-BIT software shall run without change. CAD-BIT is
structured so that no hard links to a particular system are required. It is generic in all

areas.
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3.6.7 1NTEROPERABILIT' REQUIREMENTS

It is of fundamental importance that CAD-BIT be able to interact with the operating

systems on various CAD systems. For this reason, CAD-BIT shall be developed in C and

UNLX C-Shell. Any system that supports LLX should be able to support CAD-BIT.

3.7 COMPUTER SOFTWARE CONFIGURATION ITEM (CSCI) SUPPORT

The only facility required for the development, operation. and support of CAD-BIT is a

CAD system which supports the UNLX operating system and the C programming lan-

guage, as well as a host schematic graphics data extraction language. A designer %ho is

an electrical circuit design engineer is required to operate this system.

3.8 TRACEABILITY

During a session of CAD-BIT, if there is an error, the error messages shall be struc-

tured to indicate the file where the error has occurred along with a brief explanation of

why there is a problem. For example, in the Evaluation procedure, if there is an attribute

missing on one of the circuit elements in the PCB, then when the information is extracted.

tne data file will be incomplete. When the procedure to generate the BIT Technique

Penalty Report is run, it will generate an error which will specify the attribute missing in

the file(s) so the user can easily identify and correct the problem.

3.9 CAD-BIT DATA BASE FILES

The following subparagraphs define the contents of the CAD-BIT data base files. The

particular data elements including text, figures, and formulas are contained in Volume II.

Data Base of BIT Functions. Sample files are included in this volume. See Figure 3 -44

for the position of the data elements in the CAD-BIT file structure. There are three

divisions in the file structure. The first, system related files, contain non-technique de-

pendent and non-design dependent data. The second, technique related files. are those

files which are generated from the BIT Library Elements. They are all contained under

the directory <t##>. If they need to be deleted, just delete the appropriate <ta#> director,

The third and final division are the design related files. They are user generated but may

exist on the CAD-BIT system after creation.

3.9.1 SYSTEM RELATED FILES

3.9.1.1 Overview

The overview gives the user a brief description of CAD-BIT. This description is con-

tained in a standard UNIX text file whose name is os-menu/overview. The contents are

shown in Figure 3-45.
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CAD-BIT

DATABASE

FILES

A DD VIA

GEN-CKT
os.ne1 elp, UTILITYJa.a

overview help facilities data template data' datappd hos-rommand
3 3.91.2 3,9.1.3 default-parts 3

3.. 3914

ADD VIA dtltcnqels
ADD TECHNIQUE UTILITY technique list techniques F7ADDVIA -73.9 2.1 [FIX-PENALTY

~UTILITY

req-file ,-"r... . ..t n-ut<opon
te3 TPEs

stnbu short tu onal long tutorials 3923. 2 23A2.4 11E .5J
L ADD VIA UNIX EDITOR

17D DVIA cirriultenu --------- --------
GEN-CKT =icut- ru l SYSTEM I' ]EI:T IL IT Y 3 9 ,2 3 ! M 1 M A r'R :-- , ,,-

tutorial figures ADD VIA
3926 CAD SYSTEM OR IGES

TI-TORIAL

FIGURES figure I figure 2 f*Zuret

DENTESl

prt C<pro fiienam e.> prsfw.' <Dro~iiram"e ,

opt = advantages, disadvantages, bit-sequence. 3 93 19 3 1

attributes, bibliography, parts-data,

and/or default-design. Figure 3-44

CAD-BIT FILE STRUCTURE
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os-menu/overview

The CAD-BIT module is made up of two different environments.

There is a graphics CAD-BIT environment and an operatirg

system CAD-BIT environment. The graphics CAD-BIT

activities are controlled through the graphics CAD-BIT environ-
ment. The operating system CAD-BIT environment controls all

CAD-BIT operations taking place in UNIX. You are currently

in the CAD-BIT operating system environment.

The graphics CAD-BIT environment is used to perform all
graphics operations. This menu will sometimes refer the user

to the operating system menu for any CAD activities

occurring in UNIX.

The Selection and Tutorial modules are accessed through the

operating system CAD-BIT environment. The BIT Insertion and

Evaluation modules are accessed through both the operating
system and graphics environments. The menu items in each
environment will prompt the user when it is necessary to

change environments.

Figure 3-45

CAD-BIT OVERVIEW DESCRIPTION
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3.9.1.2 Heip

The purpose of the help facilities available with CAD-BIT is to give the user on-line

documentation about the BIT technique attributes available and the wkeighting factors ap-

plied to the technique penalty calculations.

The help facilities are standard IJNLX text files containing a brief description of the

attributes/parameters being accessed in the profiles and BIT technique files. All of these

help files are located under the directory help and have the structure ''<;eari >-help.

where <variable> represents all the attributes found in the PCB design profiles such as the

type of circuitry involved, the technology used. etc. These are compared with the various

BIT technique attribute files during suitability determination. Penalty parameters are also

represented in the help facilities. They have the same file structure as the attribute help

files. See Figure 3-46 for a sample help file.

To add a help file, change the current working directory to help. Open a file with the

name ,2.'ariable>-help using a standard editor command and type in the information

about the attribute/parameter. Once complete, save and close the fiie. Figure 3-47 illus-

trates adding BIT suitability attributes and associated help files.

The following entries are used to generate the help files in the CAD-BIT data base.

They give a brief explanation of the attributes which can be used to determine the suit-

ability of various techniques. The following are suggested entries, some of which are not
implemented. If a new technique is added which needs these atmibutes, they can be added

at a later date.

A. USAGE

Usage determines which of the three main branches of the BIT Technique groups ,.will
be considered, i.e. Digital, Analog or Hybrid. The data base may be expanded to include

other groupings such as RF or Optical.

Question - Is the Line Replaceable Module Circuit Under Test CCUT')

Analog, Digital or Hybrid?

B. CONCURRENT

Under certain conditions, the operational circuitry on the CUT must be tested without
interrupting its function. Certain BIT techniques allow the CUT to be tested concurrently
with its operation.
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THE ATTRIBUTE USAGE DETERMINES WHICH OF

THE THREE MAIN BRANCHES OF BIT TECHNIQUES
WILL BE CONSIDERED.

"D" FOR DIGITAL,

"A" FOR ANALOG,

"H" FOR HYBRID.

QUESTION: IS THE LINE REPLACEABLE MODULE
CIRCUIT UNDER TEST DIGITAL,

ANALOG, OR HYBRID ?

ONLY FIRST CHARACTER IS USED

* * UPPER OR LOWER CASE IS ACCEPTABLE

Figure 3-46

SAMPLE HELP FILE
FOR PROFILE USAGE QUESTION
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ditmae dataltemnplate SQS, SAL. SAA. PPL. PQ S.

alter existing files prfllpoteue~~rflnm>c SAL ,SAS. P WF.TOL

create Figurelp3-47
ADDIN NEWh etyhpl A[riaBlJeS-e

If necessary, ~ run <#- 1tq f



Question - Is the desired BIT technique required to be a concurrent one?

C. INTERNAL

Certain BIT techniques only require the addition of circuitry external to the CLT.

Other techniques require access to the interior of the CUT. Internal refers to techniques
that require access or addition of BIT hardware to the CUT interior.

Question - Will the designer accept hardware additions or modifications to
the interior of his CUT design for the purpose of introducing BIT

capability into the design?

D. MICROPROCESSOR

Many LRM's have a microprocessor as part of the CUT design. The designer may wish

to utilize this intelligence to control or actually perform the BIT function.

Question - Is a microprocessor available in the CUT and does the designer
wish to utilize it to conduct his BIT?

E. ICBIT

Many new Very High Speed Integrated Circuits (VHSIC) and Very Large Scale Inte-

grated Circuits (VLSIC) (including Application Specific Integrated Circuits) have self con-
tained BIT within the IC package. A technique is available which will utilize the individ-

ual Chip's BIT to perform a BIT on the LRM.

Question - Does the design contain a large amount of IC's with internal BIT"

F. MICRODIAGNOSTIC

Certain microprocessors have their instruction repertoire defined by data stored in a

ROM external to the microprocessor (microprogrammed machine). The microdiagnostic
BIT technique can utilize this architecture to implement an efficient BIT function.

Question - Is there a microprocessor that is a microprogrammed machine?

G. DIGWRAP

Certain LR.M's contain complimentary (paired) digital input and output devices. If the

LRM a! o contains a microprocessor, it can be used to check out this interface with the
Digital Wraparound BIT Technique.
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Question - Is there a microprocessor on board with complimentary digital
I/O devices?

H. ANAWRAP

Certain LRM's (see question Digital, Analog or Hybrid) contain complimentary Analog

L/O devices (A/D and D/A). If the LRM also contains a microprocessor, it can be used to

check out the interface with a Hybrid Technique called Analog Wraparound.

Question - Is there a microprocessor on board with complimentary analog

11O devices?

I. BILBO

Certain circuit structures can be programmed to act as a source of BIT test stimuli, a

recorder of BIT responses, or as an interval device to provide CUT internal BIT controlla-

bility and Observabilirt functions. This circuit structure is called BILBO and can be con-

veniently incorporated in a package and distributed wherever required on an LRFM layout

Question - Does the designer wish to use a uniform circuit design to perform

a variety of BIT functions (stimuli, response, internal obser,'ability

& controllability)?

The following help entries pertain to the penalty parameters.

J. AREA

Area is the amount of PC Board real estate that the circuits take up. If minimizing the

area is important, then give it a high percentage. The answer must be nurnenc wcth

range from 0 to 100.

Question - Area weighting factor?

K. WEIGHT

This is the weight of the actual BIT circuits. If minimizing the weight is important, then
give it a high percentage. The answer must be numeric with a range from 0 to 100.

Question - Weight weighting factor?

L. TESTTIME

Test time is the amount of ime it takes to test the circuit. If minimizing test time is
important. then give it a high percentage. The answer must be numeric with a range from

0 to 100.
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Question - Test time weighting factor?

M. DELAY

Delay is the amount of time a functional signal is delayed as it propagates through BIT

circuits. If minimizing delay time is important, then give it a high percentage. The

answer must be numeric with a range from 0 to 100.

Question - Delay weighting factor?

N. POWER

If saving power is important, then give it a high percentage. The answer must be

numeric with a range from 0 to 100.

Question - Power weighting factor?

3.9.1.3 Profile Template File

The profiletechnique attributes are contained in a file used to generate both a user

design profile and individual BIT technique attribute files. The profile contains the users'

criteria for Built-In-Test capability for a particular PCB design.

This file, data/template, is a standard UNIX text file, Figure 3-48, containing the follo,.-

ing four columns of information : the attribute or penalty parameter, the default value

assigned to that artribute,'parameter, the allowable answers for the attr, .,.:-.'parameter.

and the question the user is to be prompted with to obtain an answer. The SAL. SAkA.

SQS, PQS, PPL, defauit PWF, and TOL are contained in this file.

To add an attribute/parameter, one must also add a default answer for the quest'on, a

list of allowable answers ( first characters only ), and a variable that the value will be

ad,,ed O. ' Variabe-'C :1 5 als . constructing the help file, section 3.9.1.2. %hen
all four pieces of information have been established, change the working directory to data
and, using the standard editor, edit the file itemplate. Add the four columns of information
: Ito the appropriate section ( SAL, PPL, or TOL ). If you wish to delete an attribute. pa-

rameter, follow the same steps as above, however, delete .ne four columns of information

mentioned above.

When questions and attributes/parameters are added to data template. one may also

decide to alter the existing profiles by either manually editing them or by re-runnling the-

Profile Generation section of the Selection procedure, section 3.4.5.1. See Figure 3-47

for a flow diagram describing this process. In certain instances (i.e. a BIT technique
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SUITABILITY SUITABILITY SUITABILITY
ATTRIBUTE DEFAULT ALLOWABLE QUESTION
LIST (SAL) ANSWER ANSWERS (SAA) SET (SQS)

USAGE D DAJ-IR Circuitry Involved?
CONCURRENT Y N-1N Concurrent testing.'
INTER-NA.L N YN Internal Design'?
MICROPROCESSOR Y YN Microprocessor in circuit?

PENALTY PENALTY PENALTY
PARAMETER WEIGHTING QUESTION
LIST (PPL) FACTORS SET (PQS)

AREA 10 # Area weighting factor?

POWER 10 # Power weighting factor?
WEIGHT 10 # Weight factor.

DELAY 10 .# Delay weighting factor"
TESTTIME 10 # Testtime weighting factor'

TECHNIQUE
OVERRIDE
LIST (TOL)

EXCLUDE Forced exclusion?

INCLUDE Forced inclusion?

KEY:

# INDICATES THAT NUMERICAL ANSWER (POSITIVE INTEGER
IS REQUIRED).

USAGE ATTRIBUTE QUESTION REQUIRES D (DIGITAL), A (ANALOG),
H (HYBRID), or R (RF) ANSWER.

CONCUPRENT, INTERNAL, AND MICROPROCESSOR QUESTIONS REQUIRE
Y(YES) OR N(NO) ANSWER.

THIS AND ADDITIONAL INFORMATION IS INCLUDED IN THE HELP FILES
SEE SECTION 3.9.1.2.

Figure 3-48
TEMPLATE FILE
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attribute being added or deleted and used to determine suitabiliR,), one must also alter :te
existing BIT Technique files, see section 3.4.8.1 and Figure 3-54.

3.9.1.4 Default Parts File

The file dataldefault-parts, a standard UNLX text file, contains information abcut the

default parts which are inserted into the PCBs. This information is divided into three

columns containing the circuit name(s), the library name(s), and the fault part number(s).

Figure 3-49.

This file is used by the BIT Insertion section of CAD-BIT, section 3.4.6.1. To alter the

file dataldefault-parts, run utilitieslgen-circuit, described in section 3.4.8.2.

data/default-parts

CIRCUIT DEF. P/N I R. NAME

COMPARATOR LM3 19N CADBIT.LM3I19N

OP-AMP MC1558 CADBIT.MC 15:8

JK-FLIP-FLOP 74H-103 CADBIT.74H 103

ROM TBP38516 Cr-_'31T.TBP38516

Figure 3-49

DEFAULT PARTS FILE
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3.9.1.5 Parts Penalty Data

The file datalppd contains part information such as part numbers, area, power, etc. This

information is used during the evaluation of the BIT circuits added to the PCB. This file

is a standard UNLX text file containing information on the penalties associated with each

part number in the file. Figure 3-50 describes the file's contents. To alter it, use the

standard editor and fill in the appropriate columns of information. See Volume I1, Data

Base of BIT Functions, for the Parts Penalty Data.

PART NO. AREA POVER WEIGHT

LM319N .21 .05 0.43

MC1558 .24 .09 *•• 0.43

TBP38516 .24 .09 0.43

74H103 .25 .03 0.43

Figure 3-50
PARTS PENALTY DATA

3.9.1.6 CAD Host Syntax

The file data/host-commands contains a list of various CAD system insertion commands.

The first entry is the one used in the BIT Insertion section of CAD-BIT. This file is a

standard UNIX text file containing three columns of information : the CAD system name,
the CAD command syntax, and any additional text or punctuation which is part of the

command. This file is shown in Figure 3-51. The command structure shown is followed

by the CAD library figure name in the default parts file. To add an entry to this file, use

-6 6-



the standard editor and fill in the appropriate columns of information. The line corre-

sponding to the implemented CAD system must be the first line of the file.

CAD SYSTEM SYNTAX TEXT

CV Insert Nfig

MENTOR Activate Component

DAISY Component

CV-SCHEM. Get Symbol

Figure 3-51

CAD HOST SYNTAX FILE

3.9.2 TECHNIQUE RELATED FILES

3.9.2.1 Technique List

The file data/technique-list, Figure 3-52, contains a list of all the techniques for user
reference as well as for menu display. This file is a standard ULNLX text file containing

two columns of information: the technique number and technique name. To addldelete,
alter a technique in the list, use the utilities/add-technique, section 3.4.8.1. Figure 3-53

illustrates the process of adding a technique.

3.9.2.2 BIT Technique Attributes

The file(s) <##>/teq-file are the individual BIT technique files containing the attributes
and the corresponding values required for them to be considered suitable for a particular
PCB design. The BIT technique files are standard UNIX text files containing the follow-
ing two columns of information : the technique attribute(s), and the answer(s) assigned to
them, Figure 3-54. This data is found in Volume 11, Data Base of BIT Functions, for each
technique. Use the standard editor to add in 'a technique attribute and answcr(s) into the
BIT Technique file(s) or add to the file data/template first and then run the utility /ltilities
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data/technique-list

tOl : On-Board ROM

t02 : PRPG/MiSR

t03 : Microprocessor BIT

t04 : OBIVCB

t05 : Microdiagnostics

t06 : Error Detection and Correction Codes

t07 :Digital Wraparound

t08 :BILBO

t09 :Scan

tl0 : Comparator

t 11 : Redundancy

t12 : Voltage Summing

t13 : Analog Wraparound

This file contains a listing of all the available techniques
and their technique numbers.

Figure 3-52
TECHNIQUE LIST
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add-technique. section 3.43. 1. to edit overwrite the existing 21T -echnique fil. \Wk>n an

attribute is added or deleted, however, it must be added or deleted in the file da:a :cFrn-

plate.

SUITABILIT"Y
IDENTIFICATION ANSWER
SECTION SET (SAS)

ID t01

NAM'I E On-Board ROM

SUITABILITY SLITABILITY
ATTRIBUTE AVNSWER
LIST (SAL) SET (SAS)

USAGE Digital

CONCURRENT No

INTERNAL No

MICROPROCESSOR No

Figure 3-54
BIT TECHNIQUE AiTRIBUTE FILE

3.9.2.3 Technique Circuit List

The file <tr#>,circuitmenu contains a list of all the circuits and their default part num-

bers for a particular technique. These files are used as both menus and as inputs along

with data/default-parts into the BIT Insertion portion of CAD-BIT. The circuit lists are

standard UNLX text files containing the circuit names and default part numbers. Figure

3-55 illustrates this file. This data is found in Volume If for each technique. Run the

itilitiesigen-circuit procedure, section 3.4.8.2, to alter this file.

3.9.2.4 Short Tutorial Text

The Short tutorials, <t##>/short-tMt, are standard UNLX text files containing a brief

description of the BIT techniques used in the CAD-BIT system. The data for these files is

found in Volume (I for each technique supplied. See Appendix-A, Short tutorial cate-

gory, page 1 for a sample Short tutorial. To add a Short tutorial, use the standard editor
command. If a technique directory does not already exist, make a directory <t#>.
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Under this directory, create the file ,'horr-ru and enter the information explaining the

technique.

<t##>/circuitmenu

CIRCUIT DEFAULT P/N

1. COMPARATOR LM3 19N

2. OP-AMP MC1558

3. JK-FLIP-FLOP 74H103

#. ROM TBP38516

Figure 3-55

TECHNIQUE CIRCUIT LIST

3.9.2.5 Long Tutorial Text

The Long tutorials, <t##>/long-tut<option> (where option represents advantages, disad-
vantages, bit-sequence, bibliography, attributes, parts-data. and/or default-design) are

standard UNIX text files containing detailed descriptions of the BIT techniques used in

the CAD-BIT system. This data is found in Volume I for each technique supplied. To

generate a Long tutorial, if a technique directory does not already exist, create a directory

<t##>,dong-tut. Using the standard editor. edit the file <optioa>. v, here <opion> represents
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advantages, disadvantages, bit-sequence. bibliography, attributes, parts-data, and, or de-

fault-design. See Appendix-A, Long tutorial categorv, pages 1-14 for sample contents

3.9.2.6 Tutorial Figures

The tutorial figures, <cadsys>/cadbit/<t##>,<flg .> (vOhere <cadss-> is hc host CAD sys-

tem graphics directory) include all figures which aid in the selection, insertion, and inter-

connection processes. They can be viewed in the CAD host graphics environment to be

used as guides along with the tutorials. Various figures in Appendix-A can be used as

tutorial figures. IGES equivalent figures are represented as <t##>,IGES,'<fign> and are

translat," into the host CAD graphics format via IGES.

3.9.2.7 BIT Technique Insertion Diagrams (BTID)

Inserted into the PCB prior to the insertion of the actual BIT circuitry, the BTIDs act as

guides and check lists for the user to follow, Figure 3-56. They contain boxes represent-

ing the circuits involved which are arranged to guide the user on how to do the actual
insertions. As each piece is inserted, its box in the BTID is checked off to mark the circuit

as being completed, Figure 3-57. The BTID is a particular tutorial file that must be in.-

cluded for all techniques and has the same location as the tutorial figures in the <caas'.s>

directory.

"-- .= PCB 1/0 CONNECTORS '-

BI CIRCUIT BIT CIRCUIT
"-"ELEMENT IELEMNENTr

#1 BIT CIRCUIT #
] ELEMENT
. #n

[ ~~ UNMTONAL DESIGN

Figure 3-56

BIT TECHNIQUE INSERTION DIAGRAM ( BTID)
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3.9.2.8 Technique Penalty Equations

The Technique Penalty Equations ( TPEs ) are used during the Penalty Calculation

portion of the Selection procedure. The equations are incorporated into the C programs

<r #>1formu1as.c and are accessed when selection/penalty.c calls the appropriate C pro-

grams for a technique. The source data for this may be found in Volume 11, Data Base of
BIT Functions, in the following sections for each technique

- User Requested Data ( URD

- Component Determination Equations ( CDEs

- Technique Penalty Equations ( TPEs

When added via the utilities/fix-penalty utility, this "data" will reside in a C program for

each technique. To add equations for a new technique, run utilities'fix-penalry to create a

new C program, <##>rformulas.c, for the technique. The data file, datuapenaty-cases. is

also altered by this utility to contain a call to the new C program, Figure 3-5R

data/penalty-cases

case (1):

ierr = tO Iform(param(i, 1),param(i,2) .param(i,j));

case (2)

ierr = t02_form(param(i,1),param(i,2),....param(ij));

case (n):

ierr = tOn_form(param(i, 1),param(i,2),....param (i)):

deafur .

printf("No such BIT Technique number td..., n",ans);

Figure 3-58
SAMPLE C SWITCH BLOCK
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3.9 3 DESIGN RELATED FILES

3.9 31 User Design Profiles

The profiles are divided into four sections as folko\s.

The identification section contains the name of the profile, the name ot the Lwer, and

any nomenclature entered by the user which has no beanng on the Selection process. It is
the first section the file(s) of profile/<profilename>,<profilename> cut, FigW-e 3-59

The SAS contains the user generated answers for each artnibute in the profile This list
can be found in the second section of the file(s) profi!e,<profilenume>,<proflleiame> c'a.
Figure 3-59, and has two columns of information, the SAL and the SAS.

The PF contains the user generated penalty weighting factors to be used in the gen-

eration of the penalty report for a particular profile. This list can be found in the third
section of filk(s; profile.<profilename>,'<profilenume> cur, Figure 3-59, and has t.ko columns

of information, the PPL and PWF.

The TOL contains the user generated technique overrides for a particu!ai profile This
list is used to eliminate certain BIT Techniques from cons",zration and can be found in
the file(s) profile/<profilename>'<profilename> cut, Figure 3-59. It is the fourth section of
profile,"<profilename>i<profilename>.cut and has 7vo columns of information, the TOL 'arl-

able and the technique(s) to be overridden.

3.9.3.2 User Requested Data Files

These files, profile/<profilename>/<t #>-urd. Figure 3-60, are created during the Penalty

calculation section of the Selection procedure for each suitable technique. They contain
all the user responses to the User Requested Data per technique as well as the variables
that the answers are assigned to. If these files exist during the penalty calculation section.
the user is prompted as to whether or not the old answers are to be used. If so, the data is
taken from the appropriate file instead of from the user. If the user does input new data.
the - file is overwritten.
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SUITABILITY
IDENTIFICATION ANSWER
SECTION SET (SAS)

'S i JOHN ENGINEER
C..UIT [D ABC- 123

DESCRIPTION SIGNAL PROCESSOR-1

SUITABILITY SUITABILITY
ATTRIBUTE AVNSWvVER
LIST (SAUL) SET (SAS)

USAGE D
CONCURRENT Y
rNTER NAL N

MICROPROCESSOR Y

PENALTY PENALTY
PARX'vIETER WEIGHTING
LIST (PPL) FACTORS

,AREA 40
POWER 10
WEIGHT 10

DELAY 5

TESTTIME 1o

TECHNIQUE
OVERRIDE
LIST (TOLl

EXCLUDE T05

INCLUDE T01

Figure 3-59
SAMPLE USER DESIGN PROFILE:

CBM GENERATED
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profile/<profilename>/<t##>-urd

DATA VARIABLE

8 vl

20 v2

2900 v3

5 v4

3 vn

Figure 3-60

USER REQUESTED DATA FILE
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4.0 QUALIFICATION REQUIREMENTS

This ;ection specifies the methods, techniqis, tools, and acceptance tolerance irmits

iecessary to ens,-e whether the CAD-BIT system satisfies the requirements of section 3.

4.1 DEMONSTRATION

An operational demonstration shall be developed to ensure that each of the require-

ments for the CAD-BIT system have been satisfied. The following areas will be covered

in the demonstration :

- Overview
- Short tutorial
- Long tutorial
- Selection

a. Profile generation
b. Suitability determination
c. Penalty calculations

- BIT Insertion
- BIT Evaluation
- Extensibility ( utilities

4.2 ,ANALYSIS

The equations and diagrams used in the CAD-BIT system wil: be reviewed to verify that

they are compliant vith the standards specfied. Such areas will include the calculations

for the estimated Penalty Report, the Tutorial figures and BTIDs, elc.

4.3 TEST

There will be bench marks to demonstrate different activities and options available with

the CAD-BIT system such as testing for the presence of help files in the Profile genera-

tion section.

4.4 INSPECTION

There will be a visual examination of the screen displays to verry their compatibilit

with the host system in the CAD and operating system environments.
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5.0 PREPMATION FOR DELIVERY

The CAD-BT developer shall supply a C-Shell script which will place all the CAD-BIT
files in the necessary directories, and, if necessary, compile and link any C programs used

in CAD-BIT. This C-Shell script will be located on a 1,12 inch magnetic tape separate

from the CAD-BIT source code. This tape will be loaded onto the system and the C-Shell

script executed. The C-Shell script will load the second tape containing the CAD-BIT

libraries and software onto the system and make it operational.
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6.0 INITIALIZATION & INSTALLATION

Figure 6-1 briefly illustrates all the steps necessary for the inialization of the CAD

host system for C.AD-BIT and the installation of CAD-BIT libraries and software. A

more detailed explanation is located below.

6.1 CAD HOST SYSTEM ENVIRONMENT

Prior to loading CAD-BIT onto the CAD host system there must exist the following

- 1/2 inch magnetic tape drive.

- UNIX based operating system.

- Multi-window capability.

- C compiler and associated libraries.

- CAD application software

- CAD extraction procedure.

- CAD graphics menu capability.

- Initial Graphics Exchange Specification ( IGES ).

If all of the above icems exist, then the user must develop both a CAD-BIT E~alua~ion

extraction program ( see Section 3.4.7.1 ) and a CAD-BIT graphics environment menu.

6.2 CAD-BIT INSTALLATION

Two tapes are used for the installation of CAD-BIT software and libraries onto the

CAD host system. The first tape contains two files. The first is a C-Shell script which

creates a specified CAD-BIT originating directory and sets up the necessary sub-directo-

ries :,/profile, Idata. /<t##>, /<##>/ong-tut. '<t##>insert. !utilities, los-menu. 'selection. and
1hetp, and leval. Permissions are placed upon these directories to allow only certains types

of access: read, write, and/or execute. Once complete, this C-Shell script will read the

CAD-BIT software and libraries from the second tape. The second file of the first tape
only needs to be used if the CAD-BIT source code has to be re-compiled. This file is a

C-Shell script that loads and links all resident CAD-B[T C programs.

6.3 IGES CONVERSION

Once thp CAD-BIT libraries are loaded onto the CAD host system, the tutorial figures

and BTIDs must be translated from IGES neutral format into the CAD system format.
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HALGRAMI,

Assume the fol.lowing conditions:

- UNIX is loaded 
A

- C Compiler is loaded Load Tapes
- Multi-Windows

CAD Application
software present.

Issue Installation
Commands

A

Compile C
Programs
if necessary.

Data Extract
unique to system

written &
compiled.

create graphics
menus unique

to system

IGES files
translated into
Host format.

Figure 6-1
.......... 77 .--
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7.0 NOTES

This section contains general information that may aid in understanding this specifica-

tion ( e.g., background information, g!ossary, formula denvations, definitions ). Included

is an alphabetical listing of all acronyms and abbreviations and their meanings.

7.1 DEFINITIONS

VARIABLE DEFINITION

CDE Component Determination Equations are the equations used during

the Penalty calculation section of the Selection procedure ,Ahich je-

termine the quantity of the components to be inserted into the PCB

schematic.

PPL Penalty Parameter List contains a listing of all penalty variables used

for the generation of the estimated Penalty Report.

PQS Penalty Question Set contains a listing of all questions corresponding

to the PPL.

PROFILE This is an environment variable which represents the full name of the

most recently used User Design Profile.

PWF Penalty Weighting Factors contains a listing of the weights the user

assigns to the PPL variables.

SAA Suitability Allowable Answers contains a set of allowable characters

which represent allowable answers for each SAL.

SAL Suitability Attribute List contains a listing of the suitability variables

used in the selection of suitable techniques.

SAS Suitability Answer Set contains a listing of the answers the user as-

signs to the SAL variables.

SOS Suitability Question Set contains a listing of all questions correspond

ing to the SAL.

TOL Technique Override List contains a listing of all the techniques the

user specifies to either be forcibly included or excluded.

- 102 -



VARI BLE DEFINITION

TPE Technique Penalty Equations are !he equations which generate the

BIT technique penalties duing the Penalty calculation section of the

Selection procedure.

TPP Technique Penalty Parameters are the penalty parameters arrived at

for each technique in the Penalty Calculation section of the Selection

process. These parameters are those which have not had the PWVFs

applied to them.

URD User Requested Data is the data which is requested from the user

during the Penalty calculation section of the Selection procedure.

7.2 GLOSSARY OF TERMS

VARIABLE MEANING

A'D, D/A Analog/Digital, Digital/Analog.

BILBO Built-In Logic Block Observer.

BIT Built-In-Test.

CAD Computer Aided Design.

CLIN Contract Line Item Number.

CAD-BIT Computer Aided Design for Built-in-Test.

CDE Component Determination Equation.

CSCI Computer Software Configuration Item.

CUT Circuit Under Test.

CV Computervision.

ELIN Exhibit Line Item Number.

GASD Grumman Aircraft Systems Division.
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VARAB L E MEANING

IC Integrated Circuit.

ICBIT Integrated Circuit BIT

ID Identification.

I;0 InpuVOutput.

[GES Initial Graphics Exchange Specification.

LRM Line Replaceable Module.

MCBW Main Cad-BIT Window.

N/A Not Applicable.

OBIVCB On-Board Integration of VLSI Chip Bit.

OS Operating System.

PCB Printed Circuit Board.

PPL Penalty Parameter List.

PQS Penalty Question Set.

PRPG/MISR Pseudo Random Pattern Generator / Multiple Input Shift

Register.

PWF Penalty Weighting Factors.

RADC Rome Air Development Center.

RFP Request For Proposal.

SAA Suitability Allovrable Answers.

SAL Suitability Attribute List.

SAS Suitability Answer Stc.

SOW Statement Of Work.
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SQS Suitabiliny Question Set.

VARL-BLE MEANING

SRS Software Requirements Specification.

TOL Technique Override List.

TPE Technique Penalty Equations.

TPP Technique Peiiatv Parameters.

URD User Requested Data.

VHSIC Very High Speed Integrated Circuits.

VLSI Very Large Scale Integration.

"V'LSIC Very Large Scale Integrated Circuits.

# denotes a user supplied number or PWF digit.

## denotes a technique number.

@ denotes standard UNLX command.

% denotes host system UNLX prompt.
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APPENDIX A
BIT LIBRARY EXAMPLE



LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGOR. SHORT TUTORIAL PAGE 1 of 4

SUBCATEGORY: DESCRIPTION OF BIT TECHNIQUE

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS E
DATA:

SHORT TUTORIAL
FOR

ON-BOARD ROM

On-Board Read Only Memory (ROM) Self Test is non-concurrent, mostly hardware

and firmware, Built-In-Test (BIT) technique which consists of applying test patterns

that are stored in an on board ROM to a Circuit Under Test (CUT) and then compar-

ing the CU i's response to what is expected, resulting in a go - no/go output signal.

Although the number of test patterns required to exhaustively test a function is pro-

portional to the cube of the number of gates, this technique has some potential in that

each test pattern can be individually and selectively determined, thereby, maximizing

the percentage of fault detection to the test pattern ratio.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: SHORT TUTORIAL PAGE 2of 4

SUBCATEGORY: 1. LEVEL I BLOCK DIAGRAM.
2. BIT SEQUENCE FLOW CHART.

DATA TYPE: TEXT L UST 0 TABLE [ GRAPHIC El EQUATIONS D

DATA:

SUBCATEGORY 1: SEE FIGURE 1

SUBCATEGORY 2: SEE FIGURE 2
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BIT !NITIATE

INITIALIZE CUT/RESET
PASS-FAIL FF/N=O/

SET MAX-i-
APPLY ROM ADORESSES

DELAY AND ENABLE ROMS.

TP RIPPLE THRU ROMS

DELAY AND STROBE COMPARATOR

NO STAYSSET PASS
PASS FAIL FF

TO FAIL

INCREMENT NO LATTS

N

FIGURE 2 - BIT SEQUENCE FLOW CHART
FOR ON-BOARD ROM

PAGE 4 of 4
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAGE I of A

SUBCATEGORY: B3T SEQUENCE FLOW CHART DESCRIRTION

DATA TYPE: TEXT U LST El TABLE E GRAPHIC [ EQUATIONS

DATA:

BIT SEQUENCE FLOW CHART DESCRIPTION
FOR

ON-BOARD ROM

1. A positive pulse "Test Initiate" signal is input to test control logic to begin test

2. The test begins as follows:

- "BIT Mode" signal from control logic to multiplexer is activated

- Normal inputs to CUT multiplexed out

- Test Patterns (TP) from TP ROM input to CUT enable

- All resertable logic of CLT reset
- ROM address counter in control logic reset to zero

- "Pass/Fail" Flip-Flop (FF) in comparator logic block reset to "Pass"

3. The system clock, while in BIT mode, increments the control logic counter
which addresses the TP & Good Machine Response (GMR) ROMs strmultaneousiv

4. After a delay sufficient to fully establish the addressing in the step above, both
the TP & GMR ROMs are enabled.

5. The TP ripples through the CUT. To gain control of the CUT clock, each TP viii
have both high and a low on the clock line which may come from the TP RON!.

6. After enough delay for a good machine to establish a GMR at the CUT's
outputs, the comparator is enabled.

7. A good machine at this time will have the GMR pattern identically compare
with the CUT outputs. If not, the Pass/Fail FF will be set to "Fail" and will
remain "Fail" until BIT is re-initiated.

8. If the address to the ROMs is the last address, then "End Of Test" control
logic signal goes low. The moment the enable comparator signal goes Hl
during this last TP sequence, the BIT mode FF is reset and the system i out
of BIT mode. The Pass/Fail FF will remain set to "Pass" if during the test it
was never set to "Fail".

9. If not the last ROM address, go back to step 3.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAGE 2 of 14

SUBCATEGORY: BIT TECHNIQUE ADVANTAGES

DATA TYPE: TEXT U LST [ TABLE 0 GRAPHIC C EQUATIONS C I

DATA:

ON-BOARD ROM BIT
ADVANTAGES

I. An understanding of the CUT can lead to a substantial percentay¢ of fault de-
tected with a few, determined test patterns.

2. A CUT with much sequential logic requires specific "Pairs" of test patterns
applied in sequence. Although, this presents a problem with Random Test

Pattern Application, storing the cest patterns in ROM so that they indeed do occur
in pairs is done without difficulty with the On-Board ROM Method.

3. On-Board ROM Test Generation becomes competitive when compared to random
pattern generation as the number of CUT inputs become large and/or number of
patterns required becomes small. This is best understood by considering that the

total number of binary patterns possible for a CUT with n inputs is 2 n. If n=16;
2 n = 65,536. If n=20; 2 n _ 1,048,576. If n=24; 2n _ 16,777,216. Consider a

hypothetical 24 input CUT that can be adequately tested with 2,000 deterministic
patterns. Most of the Test Pattern Generator (TPG) hardware required using

On-Board ROM Method are cascaded, 2K by 8 ROMs as compared to 3 cascaded
8-Bit shift regiszers plus 2 Quad Exclusive Or Packages. But the real savings is
test time. To be absolutely sure of providing all 2,000 test patterns one must cycle
through 16,777,215 possible test patterns when using random pattern generator.

4. The control logic for the On-Board ROM Test is simple when compared to the
Random Test. Pattern Generation method which requires loading seed patterns and
special test sequencing.

5. Read control logic and address and data buses may possibly be shared betveen test
and function purposes.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM BIT

CATEGORY: LONG TUTORIAL PAGE 3 of 14

SUBCATEGORY: BIT TECHNIQUE DISADVANTrACES

DATA TYPE: TEXT [ LIST [ TABLE [ GRAPHIC [ EQUATIONS E
DATA:

ON-BOARD ROM BIT
DISADVANTAGES

I. With the growing complexity of electronic circuitry being implemented on Line
Replaceable Modules (LRM) of today, it is becoming more and more difficult for a
test engineer to understand what he is testing, especially when under pressure to

establish the test plan quickly. Without a true understanding of what is to be
tested, it is nearly impossible to effectively and efficiently determine the test pat-
terns that are necessary.

2. When the number of test patterns required to obtain adequate fault coverage is
large and/or the number of CUT inputs is small or can be partitioned into a few

smail number of input groups, then the real estate required for the On-Board ROM
Method becomes excessive when compared to the random pattern generation

method.

3. Memory elements in general are not as reliable as random logic microelectronic

devices.

4. Circuit design changes often require reprogramming the ROMs.

5. If the number of bus lines required to address the ROMs are excessive and,'or the

distance between the TP ROMs and the control logic, or between Lhe GMR RONls
z.id the control logic is substantial, then Printed Circuit Board (PCB) real estate
consumed is excessive and costly.

6. Memory allocated to either store test patterns or GMIRs can never serve both test
and function purposes as can shift registers used in Built in Logic Block Observers
(BILBO) for example.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAGE 4 of 14

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT ED UST [] TABLE C] GRAPHIC 0 EQUATIONS E
DATA:

ON-BOARD ROM BIT
ATTRIBUTES

1. REAL ESTATE PENALTY

Increases with CUT complexity
ROMs - Number of test patterns is approximately the cube of the num-

ber of gates for combinational. FFs increase the number even further

Control - Approximately 11 chips for this example. Number of counter
chips increases with number of test patterns

Multiplexer - Number multiplexer chips equals number input lines
divided by number of lines switched by multiplexer chip

Comparator - Number comparator chips equals (number output
lines) divided by number of lines compared by chip

Land real estate depends on layout

2. POWER PENALTY

* Roughly proportional to real estate penalty example:
Power Penalty equals Percent Real Estate Penalty multiplied by CUT
Normal power.

- Exceptions (some ROMS have power down mode)

- Switch Technology (use Metal Oxide Semiconductors (MOS)
ROMS for higher density)

3. RELIABILITY PENALTY
. Proportional to Real Estate Penalty if similar technology is u.sed for

Built in Test Equipment (BITE) as for CUT
0 May have to distinguish BITE failures that only effect BITE vs BITE

failures that effect CUT
. Computer Aided Design (CAD) System may have software package for

reliability calculation
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LIBRARY ELEMENT DATA
SHE T'"

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: L'ONG TUTORIA PAGE ,5 of 14'

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT C3 UST F1 TABLE [3 GRAPHIC C1 EQUATIONS E]

DATA:

ON-BOARD ROM BIT
AT7RIBUTES

(CONT)

4. TIMING PENALTY

Test Time Duration - Number of Test Patterns multiplied by Pattern
Application Period

Circuit throughput Delay - Additional delays of Multiplexers

5. NON-CONCURRENT

6. CONCEPTUAL COMPLEXITY

* Straight Forward
7. HARDWARE/SOFTWARE

* Test Patterns in Firmware

8. TECHNOLOGY

" All current digital technologies

" May use higher density technologies for ROM to reduce real estate
penalty. (May need MOS-Transistor Transistor Logic (TTL) converters)

9. IS BITE SELF TESTABLE?

" Can do check sum on ROMs (add hardware)

" Some ROMs have shadow registers

10. DESIGN COST

Use standard estimating procedures based on number of chips

* Must add Engineering time to create Test Patterns and GMRs

" May need debug time to hardware verify proper operation
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIALAG 6 of 14

SUBCATEGORY: BIT TECHNIQUE ATTRIBUTES

DATA TYPE: TEXT ULST TABLE []GRAPHIC [] EQUATIONS [

DATA:

ON-BOARD BIT ROM
ATTRIBUTES

(CONT)

11. SOFTWARE DESIGN COST
0 Only applicable at system level

12. NUMBER OF BYTES OF STORAGE REQUIRED

Function of complexity of circuit (see Real Estate Penalty)

13. STAND-ALONE (SELF-CONTAINED BIT)?

, Yes

14. WEIGHT
" Proportional to real estate penaity weight

" PENALTY a (Percent Real Estate Penalty) x (Weight of circuit)

15. Commercially available integrated circuits with testability features ROMs are
available with shadow registers.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TUTORIAL PAG E - of 1.4

SUBCATEGORY: DEFAULT DESIGN

DATA TYPE: TEXT l UST E3 TABLE El GRAPHIC [ EQUATIONS [

DATA:

a) See figure 3 for ON-BOARD ROM LEVEL 1I BLOCK DIAGRAM.

b) See figure 4 for TEST PATTERN AND GOOD MACHINE RESPONSE ROM DEFAULT
DESIGN.

c) See figure 5 for GOOD MACHINE RESPONSE COMPARISON LOGIC DEFAULT
DESIGN.

d) See figure 6 for INPUT MULTIPLEXER DEFAULT DESIGN.

e) See figure 7 for CONTROL LOGIC FOR ON-BOARD ROM DEFAULT DESIGN.
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: LONG TL7ORIAL PAGE 13 of 14

SUBCATEGOR,: PART DATA TABLE

DATA TYPE: TEXT E LIST [ TABLE El GRAPHIC [ EQUATIONS [

DATA:

ON-BOARD ROM
PART DATA TABLE

AREA # OF POWER POWER MAX. WEIGHT
NUMBER/NAME (sq in) PINS TYPICAL~roW) (mW) (gms)

TBP385L16 0.375 :1 325 500 6.5
2K x 8 PROM

74LS604/ 0.87 28 275 350 7.5
OCT 2-IN MUXs
LATCHES

74LS686/ 0.375 24 220 375 6.5
8 BIT MAGI
[DENT COMP

741617/ 0 243 16 315 455 2
4 BIT SYNC BIN
COUNTER

'7404/ 0.243 14 90 165 2
HEX INVERTERS

7400/ 0.243 14 60 1:0 2
QUAD 2-IN POS
NAND

74125/ 0.243 16 55 90
QUAD D FLIP FLOP
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD RONI

CATEGORY: LONG TUTORIAL PAGE i1 of 14

SUBCATEGORY: BIBILOGRAPHY

DATA TYPE: TEXT t] LIST [ TABLE E GRAPHIC E EQUATIONS

DATA:

NONE REQUIRED
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD RONI

CATEGORY: USER REQUESTED DATA PAGE of

SUBCATEGORY:

DATA TYPE: _ TEXT E] LIST CE TABLE E GRAPHIC 7 EQUATIONS _

DATA:

QUESTIONS

1. How many primary input pins are used by the PCB's
operational circuitry?

2. How many primary output pins are used by the PCB's
operational circuit-y?

3. How many test parterns are required to be stored in the ROMs? -

4. What is the test pattern application rate? .4

5. What is the estimated initialization time? v
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: EQUATIONS PAGE I of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA 'TYPE: TEXT [ LIST f-] TABLE [ GRAPHIC [ EQUATIONS

DATA:
1) VARIABLE DEFINITIONS

nl= Number of RONI chips
n2= Number of MUX chips

n3= Number of COMPARATOR chips
n4= Number of COUNTER chips

n5= Number DECODE chips

n6= Number of PROGRAMMABLE DELAY chips

n7= BIT MODE status FF

n8= Number of CONTROL GATES
vl= Number of INPUT PENS<= 120

v2= Number of OUTPUT PfNS<= 120

v3z Number of TEST PATTERNS<= 12288

v4= PATTERN RATE

v5= INITIALIZATION TIME

II) COMPONENT DETERMINATION EQUATIONS

nl= (vl/8)*(v3/2048) + (v2/8)*(v3/2048)
n2= (vl/8)

n3- (v218)

n4= (v3/16)

n5= Integer of ((n4 + 1)/2)

n6= 2

n7= I

n8= 2
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LIBRARY ELEMENT DATA
SHEET

BIT TECHNIQUE: ON-BOARD ROM

CATEGORY: EQUATIONS PAGE z of 2

SUBCATEGORY: (DATA NOT TO BE DISPLAYED)

DATA TYPE: TEXT C LIST EC TABLE C GRAPHIC C EQUATIONS
DATA:

III) PENALTY EQUATIONS

a) AREA (sq in)
Area of BIT chips = (.375)nl + (.87)n2 + (.375)n3 + (.243)n4 +

(.375)n5 + (.375)n6 + (.243)n7 + (.243)n8

Total area of BIT circuitry = (Area of BIT chips)
+ 15% for PC traces

= 1.15 ( Area of BIT chips)

b) POWER (mW)

Power = (325)nl + (350)n2 + (375)n3 + (455)n4 + (375)n5 +
(200)n6 + (90)n7 + (110)n8

c) WEIGHT (gins)

Weight of BIT chips (grams) = (6.5)nl + (7.5)n2 + (6.5)n3 (2.0)n4
(6.5)n5 + (6.0)n6 + (2)n7 + (2)n8

Weight of BIT circuitry = Weight of BIT chips +
10% For Weight of solder
= 1.1 (Weight of chips)

d) TIME (ns)

Test time = (v3) (v4) + v5
Throughput delay = 30
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APPEND[X-B

SELECTION R.ANKING ALGORITHM

-1- PURPOSE

This algorithm is used to generate an estimated penalty ranking of all BIT tech-
niques which were considered suitable for a particular PCB design profile.

-2- OBTAIN RAW PENALTY DATA

Use the formulas for each penalty (from the BIT Technique Data Packages) to

generate the "raw" penalty data. This data is represented by the "p" array

where pii is the penalty for penalty parameter j of technique i.

-3- PENALTY ARRAY

From "raw" penalty data, create array "p". The array, p11. for k penalty pa-

rameters and m suitable techniques is shown below:

p11 p12 ... plk technique I

p21 p22 . . . p2k technique 2

pail pm2 . . . pmk technique m

-4- COMPUTE AVERAGE PENALTY

Compute the average penalty Pj for each penalty parameter j of all m suitable

techniques as follows

i=m
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APPENDLX-B

SELECTION RANKrNG ALGORITH'M

-5- NORMALIZE Pij ARRAY

Use the Pi I s to normalize the pij array, resulting in the Nij array where

P11 pij
Nu = - or Nij =

Pi P

The resulting N matrix is shown below

Nii N12 ... Nik technique 1

N21  N22 . .. N2k technique 2

Nmi Nm2 ... Nmk technique m

-6- APPLY PENALTY WEIGHTING FACTORS

For each penalty parameter ( area, power, etc.), there also exists a correspond-

ing weighting factor W. These are user supplied during the User Profile Gen-

eration or the default values are used. The weighting factors make up a single

dimension weighting factor, W. Applying W to the N array as follows

W. =W. eNi
creates a normalized weighted array, W, with the array elements defined as

follows

Wi W 12  . . . Wlk technique 1

W 2 1  W2 2  ... W2k technique 2

Wmi Wim2 . .. WMik technique m
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APPENDLX-B

SELECTION RANKING ALGORITHM

-7- DETERMINE BIT TECHNIQUE RANKING

R is the column Ranking Array. The selection ranking Ri for technique i is

then

j=k

Ri= W ij
j=1

Technique ranking will cause those techniques with a lower overall penalty

ranking to be sorted to the top. It is expected that techniques with similar

overall penalty values may not clearly define the better ranking as superior. In

these cases, engineering judgement and a closer inspection of penalty weighting

factors may help discriminate between the closely ranked techniques.

.. ..........
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APPENDIX-C

EVALUATION ALGORITHM

-1- PURPOSE

This algorithm is used to generate an actual penalty ranking of all the circuits

in a specified PCB.

-2- APPLY BIT FACTORS

For each circuit in data/cadbit-eval-data, apply the BIT factorbi to the corre-

sponding circuit penalties qij in data/ppd where i represents the penalty pa-

rameters of circuit i. Using the following formula

Pij = bi " qij (wherei= I to mandj= I ton);

results in a penalty array Pij where the penalties have a weighting factor equal

to the BIT factor.

Ptl P12 P, circuit I

P21 P 22  ... P2n circuit 2

Pn, Pm2 ... Pmf circuit m

-3- OBTAIN BIT PENALTIES BY BIT GROUP

For every BIT group k sum each of the penalty parameters Pij resulting in the

BDq array where Bkj is the actual value of penalty parameter]' of BIT group k.

The following formula

Bkj = Pij*A
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APPENDIX-C

EVALUATION ALGORITHM

where A = 0 if the BIT Group for circuit i is not equal to k and where A - I if

the BIT Group for circuit i is equal to k, this results in :

Bi B12 . . . Bin BIT Group 1

B:- B2, 2: n "1 (Ryrojn 2

Bmi Bn 2  ... Bmn BIT Group m
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MISSION

Of
Rome Air Development Center

RADC Plar. and executes research, development, test and

selected acquisition programs i n support of Command, Control,
Communications and Intelligence (CI1) actitnties. Technical and
engineering support within areas of competence is protnded to
ESD Program Offices (POs) and other ESD elements to
perform effective acquisition of C3I s'stems. The areas of
technical competence include communications, command and
control, battle management information processing, surveillance

sensors, intelligence data collection and handling, solid state
X sciences, electromagnetics, and propagation, and electronic

reliabilit Vi "maintainability and compatibility.


